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9.
WitMn recent years investigators have "been 
endeavouring to formulate theories to explain the mode 
of reactivity or organic compounds. A new chapter in 
this rieid or investigation has been opened up by the 
attempts made by various chemists to explain reactivity  
on an electronic basis. The important contributions 
by Robinson (Mem.Manchester Phil.Soc. I92Q 64 Uo.4) 
Vorlander (Ber. 1919 ¿2 263) and Lapworth (Mem.Man­
chester Phil.Soc. 1920 RQ.3) in this connection are or 
particular value. The theory advanced by Lapworth 
has perhaps created most discussion. He rormulated a 
principle on induced alternate polarities and by its  
aid it  was possible to explain and predict both 
molecular reactivity and non reactivity. It had the 
fundamental idea that the carbon atoms in a ring or 
chain could be made to exhibit an alternating polarity 
which made its e lf  apparent in differences in reactivity  
of atoms influenced by a “Key atom“ at a distance from 
them. The influence passes readily along a conjugated 
chain of carbon atoms , or through the conjugated system 
present in benzene, or even through a limited number of 
single bonds.
Investigations have been carried out by several 
chemists on substituted benzene derivatives in which a 
strongly positive group such as COOH, /-asr a strongly 
negative/
negative group such as QCH3 , CH3 , Cl e tc ., has been 
introduced into the moleculeaaa the effect on the 
reactivity of the atoms in the molecule examined. 
Lapworth and Shoesmith (J. 192# 121 1391) have obtained 
a striking example of induced polar effects in the 
isomeric methoxy benzyl bromides. The oxygen of the 
methoxyl group here acts as the "key atom" and it  was 
shown that an induced alternate polarity was set up in 
the molecule which made its e lf  apparent in the char­
acter of the terminal bromine atom.
Thus the tendency of the key . ¡atom is. to make the 
bromine more negative in character in the ortho and 
para compounds and pore positive in the meta compound. 
This was found to be the case in the rapid hydrolysis 
of the ortho and para metjioxy benzyl bromides as 
compared with the meta compound. A reversal of these 
results was obtained when the positive nature of the 
bromine atom was compared by the reduction of the 
compound with HI.
1924 22V8 ) have investigated the isomeric w bromxylenes. 
They proved that the methyl group exerts a considerable 
influence on the side chain halogen atom in virtue of 




In the same manner Shoesmith and Slater ( J .I25.
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act as “Key atoms". The bromine atom in thewbrom 
xylenes is thus induced negatively in the ortho and 
para compounds and ought to be hydrolysed more readily 
than the meta compound in consequence* The order of 
hydrolysis was found to be in agreement with this and 
there was a reversal of this order on reduction* I .e .  
meta^ ortho and para.
A reversal of this order of reduction again 
was obtained by bringing the halogen one place nearer 
to the "Key atom“ as in the iodo toluenes. The halogen 
was induced positively in the ortho and para compounds 
and thus the order of reduction was ortho and para 
meta.
Lowry ( J. 1923 I2g 824) put forward a 
suggestion that the induced alternate influence,::is only 
experienced in a perfect system of conjugated double 
bonds. This has been entirely negatived in the w broiit-
xylenes but it  is mt interesting atnthis stage to
.
enquire how far the inducing effect of a "Key atom" 
wpuld extend in a side chain which contains a aeries of
consecutive single bonds. This problem would be solved
■
by examining compounds in which the halogen atom is one 
place further from the benzene nucleus than in the 
substituted benzyl bromides i .e .  compounds of the 
general type x -  -CHg- CKg-Br in which
X is tae“Key atom“. The other possibility  would be to 
remove the Key atom one place from the benzene nucleus 
as/
as in a compound of the type x -  C%- <f  ^  -CHgBr 
■but experience das shown that such groups as X -  C Hg- 
really assume the influence of a Cjt£3 group®
Recently several investigators have "been 
examining the directive action of such groups as 
-C %  and -CHgCHaUda on aromatic substitution . Goss, 
Hannart and Ingold ( J. 1927 25a) have investigated
the nitration of 9 phenylethylamine derivatives and
/
compared the percentage of meta substituent isolated wifch
.
the results of Goss Ingold and Wilson (J . 1926 2440) who 
nitrated benzylamine derivatives•
Their work is  an attempt to elucidate the same 
problem as is occupying thisrresearch by determining 
to what extent the directing influence of basic groups 
separated from^the benzene nucleus by one or more* 
methylene groups is experienced in the meta substitution 
of a nitro group. The percentage of the meta nitro 
compound in each series determines the strength of the 
1 directing influence.
The following table ( Goss, Hahhart, and Ingold? 
lo c .c it . ) w ill suffice to show how the directing 
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It w ill toe shown how these results coincide
completely with an entirely independent method of 
attaching the problem*
The work of these investigators is entirely  
confined to the capacity displayed toy the terminal
ammonium group -HH4  to act as an attractor of electrons, 
thus leaving the meta position of the benzene ring 
negatively charged and hence the position of attack in 
substitution i .e .
But in this way only a*4general e ffe c t“ of electron pull 
can toe investigated.
This present investigation seeks to demonstrate 
the effect of an electron movement, started at one point 
in the benzene ring, when passed through the ring and 




The compounds w hich were o b v i o u s l y  th e  most  
i n t e r e s t i n g  tor  t h i s  i n v e s t i g a t i o n  were the i s o m e r ic
and attempts were made to prepar
corresponding alcohols we re obtained in the pure state' 
but an extraordinary d ifficu lty  was experienced in 
their bromination. The only reagent whoch would convert, 
the corresponding methoxy alcohol to tne bromide was 
PBr  ̂ but unfortunately at the same time it  brought 
about nuclear bromination in the case of the ortho 
and rneta compounds to too great an extent to permit 
of isolating the bromide in approximate purity«
eg* Chg d > - CJtig-CĤ Br were obtained in the pure state 
and examinations of the rate of hydrolysis and reduction 
were carried out. Prom the theoretical considerations 
of the Isomeric /3 to ly l ethyl bromides in which the 
hydrogen atoms of the methyl group are the “Key atomsM 
i t  would be anticipated that i f  any induced polarity  
extended through the side chain the terminal Br atom w 
would be induced positively in the ortho and para 
isomers and negatively in the meta ifcomer.
c,h3
i.e«  the order of reactivity on hydrolysis ought to 
be meta/
methoxy /3 phenyl ethyl bromides
However, the isomeric /3 to ly l ethyl bromides
8.
meta> ortho and para. I f  any reduction took place 
which from comparison with the w bromxylenes was un­
likely then a reversal of this order would he antici­
pated. ¡This series was also compared with the unsjtb?- 
stituted compound f3 phenyl ethyl hromide.
The results of hydrolysis and reduction of 
these compounds led to some strilin g  observations. 
hydrolysis.
I ) There was no appreciable hydrolysis in 
aqueous alcohol over a period of four hours at 61*.
A comparison with the w bromxylenes which are almost 
completely hydrolysed in aqueous alcohol at 61 * at the 
end of three hours, serves to indicate now remarkably 
less active a Br atom one place further removed from 
the benzenoid nucleus tnan the w bromxylenes has become 
towards hydrolysing agents.
Aqueous alcoholic MaOh was required to effect  
a hydrolysis which was not complete after six hours at 
7 6 ° .
z) The rate o f hydrolysis o f the unsubstitut­
ed compound p  phenyl ethyl bromide is appreciably greater 
than the substituted compoundsfwhich is  a remarkable 
fact when one reviews the w bromxylenes in which 
benzyl bromide is  appreciably slower incite rate of 
hydrolysis.
3 ) There is  only a slight residuum of 
induced alternate polarity evident in the differences 
in the rates o f hydrolysis in the isomeric p  to ly l 
ethyl/
9
ethyl bromides. The order of reactivity is as anticip­
ated from theoretical considerations i .e .  meta)> ortho 
and para,but i t  w ill be seen from a comparison of tne 
following two graphs {I and I I ) of the hydrolysis 
curves of the /3 to ly l ethyl bromides and the w bsrom 
xylenes, the remarkable variations in the differences in 
the rates o f hydrolysis in d  the two series; as evidenced 
by the spacings between the curves in the two aeries. 
This shows clearly the loss of alternate polar effects  
across single bonds.
The two series were hydrolysed under 
different conditions. The to ly l ethyl bromides 
required aqueous alcoholic itfaQH at 76° and the w brom- 
xylenes were hydrolysed by aqueous alcohol at 61° C.
P methoxy p  phenyl ethyl bromide# which was the 
only isomer of this series obtained in a state 
approximately pure,was hydrolysed in a similar manner 
to the ^  to ly l ethyl bromide; series and the results; 
indicate the parallelism  which was anticipated in  
the two aeries. Its hydrolysis curves along with those 
of p  phenyl ethyl bromide? and p. to ly l ethyl bromide; 
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13.
The order oi* reactivity or the Bromine 
atom or the -ChgChgBr group in tne /3 to iy l ethyl 
Bromides on reduction should9 ir there is  any residuum 
or alternate arrect, Be ortho and para^> met a. It was 
anticipated however ilrom comparison with the w Brom 
xylenes and the ract that hydrolysis ol the /3 to ly l 
ethyl Bromides required vigorous measures that 
reactivity or the Br atom towards hi would not Be very 
apparent.
A strong reducing agent was used -  
constant Boiling hi in glacial acetic acid at 100°O* 
and the reductions were carried on tor rour hours^But 
the maximum reduction as evidenced By tne amount or 
iodine liBerated was approximately Bo alternation
in reactivity was observed.
Por comparative purposes the reduction curves 
or the w Brom xylenes are given in graph IV. These 
reductions were carried out at #5° with the same 
reducing agent.
The para isomer did not reduce' under these 
conditions and iodine corresponding to ¡¿f reduction 




















Three methods or preparation or the various 
substituted ^3 phenyl ethyl bromides were investigated.
They are summarised in the roliowing schemes:-
^  a l k a l i
^  R O^H^OHO + CH3K02 -------- — ^  R C^H^OH =  CH N02
%soSz -—
amalgam
R 0 6 H ^ 0 H 2 .O H  :N 0H  ------------------------------> R 0 6 H ^0H 2 0 H 2 M 2
P B r *  I  H N 0 2
R C 6 Hv 0 H 2 0 H 2 B r  *  1------ R 0^H ltC K 2 C H 2 0H
@  _ ... . . . . .  O H 2( O O O H )
R O^H^OHO > R O^H^OH : 0H.000H
^ ——
*  0 &HuOH2C ^ r \ ooi2 & ^  H C ^ C H  CH2HH2
4 / H N O g
R 0H20H2Bt —   R 06HIf0H20H20H
Mg comnouncl
74 r*,H Rr      > R Of;HkOH2OH2OH
ri ^ n h rsr 0 H 2 0H 6 ■*. 2
I  ? B r 5
R 06H^QH20H2Br 
As w ill be seen later the rirst method railed
because or the poor yield or amine obtained.
The second method was more suacessrul ror the 
preparation or tjie  amine but the action or itNQg in 
presence or HCi gave an alcohol contaminated with a 
chloride,and when iigSG  ̂ was used a poor yield or impure 
alcohol was obtained.
The third method was successful in the prep­
aration or the substituted^phenyl ethyl alcohols.
The final stage in the synthesis i .e .  the 
bromination/
bromination or these substituted alcohols was success­
fu l In the methyl substituted compounds,but railed in 
the preparation or the methoxy substituted compounds.
X) This synthesis was attempted with meta methoxy 
benzaldehyde as the in itia l substance and this substance 
presented no difficu lty  in its  preparation.
m met hoxy styrol. (Thiele, Annal.zr. 326 7)
A solution of 28 grams or m. metnoxy benzalde­
hyde and 13 grams of nitro methane in 40 c .c . of 
alcohol was vigorously stirred whilst 23 gre. of 26 f 
methyl alcoholic KOE were added slowly. This was 
followed by the addition of a solution of 4 grams HaGH 
in 20 c .c . o f water and the mixture which became almost 
solid was stirred until a sample poured into water gave 
a clear solution. The whole was then added to a large 
quantity or ice water and when it  was completely in 
solution i t  was decomposed with the calculated quantity
of ice cold HoSOa* The solid m methoxy nitro styrol 
well
was filtered,/washed with ice cold water and finally  
dried and recrystallised from alcohol. It crystallised 
in light yellow plates and had a melting point of 93-94° 
C. This new styrol was analysed and it  contained
7 .99  ojo Ng
C9H9NQ3 requires 7 .82f  Ng 
The following modification of Rosenmunde's original 
reduction method (see Bar.., 1909 4778) was the most
satisfactory/
16 .
s a t i s f a c t o r y  m W th o d  o f  c o n v e r t i n g  t h i s  c o m p o u n d  i n t o  
t h e  o x i m e  o f  m m e t h o x y  p h e n y l  a c e t a l d e h y d e *  
o x l m e  o f  m m e t h o x v  P h e n y l  a c e t a l d e h y d e *
m Iflethoxy & nitro styrol (13 grams ) was mixed 
in a mortar with 13 grams of zinc dust and then added 
to a vigorously stirred mixture of 65  c .c . of alcohol 
and 26 c .c . of glacial acetic acid. The temperature 
was Kept below 36° C. After 10 minutes a further 20 c .c . 
o f alcohol were added and the temperature slowly allow­
ed to f a l l  to normal. The solid containing zinc oxide 
was then filtered  o ff * washed with ether and the 
filtra te  diluted with water. The ethereal layer which 
now separated was extracted with sodium carbonate to 
remove excess acetic acid and then three times with 
HaOH to extract the oxime. Sodium bicarbonate solution 
was added to the oxime solution and the precipitated 
oxime was filtered o f f ,  recrystallised fir s t  from 
ligroin and then from water from which i t  crystallised  
in white needles of melting point 92.5 -  93 C.
This new oxime was analysed and it  contained
8 .  t f g
C g H j j N O g  requires 8 . 4 9 N g  
Attempts were now made to reduce the compound to 
m methoxy^  phenyl ethy 1 âmine but the yields of amine 
hydrochloride obtained ( about 5cjq of that expected} were 
so ,poor that the method was abandoned.
17.
2/
2 ) Substituted methoxv banzalflehvda.
The only compound which presented d ifficu lty  
in  its  preparation was o methoxy benzaldehyde. A very 
successful method for its  preparation was worKed out:
0 methoxy benzaldehvde.
There is  no satisfactory method given in  
literature fcrr the preparation of large quantities of 
o methoxy benzaldehyde from, salicylaldéhyde* The 
following method was found to be very satisfactory.
Salicylaldéhyde ( I molecule i .e .  122  grams) 
was vigorously stirred with about 4 0  c .c . of water 
in  a flasK fitted  with a stopper carrying a stirrer, a 
condenser and two dropping funnels. Potassium hydroxide 
( li molecules i .e .  85 grams ) was dissolved in 160 c .c . 
o f water and dimethyl sulphate ( If molecules i .e .  157  
grams ) were placed in each of the dropping funnels and 
then allowed to flow into the salicylaldéhyde alternate­
ly . The yellow colour of the potassium compound of 
salicy l aldehyde was an indication of the course of the 
reaction and the addition was so regulated that the 
colour was fir s t  produced by KQH and then dissipated by 
( CH3 JgSÔ * In this way excess of KQH and ( CH3 )gS04  was 
avoided and no Cannizzaro reaction could ta&e place.
The addition toofc about one hour to complete. The whole 
was allowed to cool and the o il  produced e x t r a c t e d  with 
KQH solution to remove unchanged salicylaldéhyde. The 
o methoxy benzaldehyde was extracted with e-ther, dried 
and/
18.
a n d  e t h e r  d i s t i l l e d  o f f .  T h e  r e s i d u e  d i s t i l l e d  
a t  2 3 5 °  -  2 3 7 °  0 a n d  t h e  y i e l d  o b t a i n e d  w a s  99 g r a m s  
i . e .  7 2 $  o f  t h e  t h e o r e t i c a l .
I s o m e r i c  m e t h o x y  c i n n a m i c  a c i d s .
( H a w o r t h ,  P e r k i n  a n d  R a n k i n  J .  1 9 2 4  1 2 5  1 6 9 4  )
^  0 00H
C 6 H kO O H 5 OHO +  G H 2 ------- >  C 6 Hu O C H r O H : C H . C O O H  +  COo + H P 0
00 0H
T h e  i s o m e r i c  m e t h o x y  b e n z a l d e h y d e  r e a c t e d  w i t h  m a l o n i c  
a c i d  i n  p y r i d i n e  s o l u t i o n  w i t h  e v o l u t i o n  o f  0 0  2 t o  f o r m  
t h e  i s o m e r i c  m e t h o x y  c i n n a m i c  a c i d s .  P y p e r i d i n e  w a s  
u s e d  a s  a  c a t a l y s t  i n  t h e  r e a c t i o n .
T h e  o r t h o  a n d  p a r a  a c i d s  w e r e  r e a d i l y  s e p a r a t e d  
b y  p o u r i n g  t h e  r e a c t i o n  m i x t u r e  i n t o  e x c e s s  w a t e r  b u t  
t h e  m e t a  a c i d  w a s  a p p r e c i a b l y  s o l u b l e  a n d  a  s m a l l e r  
v o l u m e  o f  w a t e r  w a s  r e q u i r e d .  T h e  p r o d u c t s  w e r e  r e ­
c r y s t a l l i s e d  f r o m  a c e t i c  a c i d .  T h e  m e l t i n g  p o i n t s  
w e r e  a 3  f o l l o w s
o . a c i d  =  1 8 0 °  -  1 8 2 °  0 • 
m . a c i d  =  1 2 0 °  -  1 2 1 ° 0 . 
p . a c i d  =  1 7 4 °  -  1 7 5 ° c .
C i n n a m i c  a c i d  a n d  i t s  s u b s t i t u t e d  d e r i v a t i v e s  e x i 3 t  i n  
c i s  a n d  t r a n s  f o r m s .  T h e  p o s s i b i l i t y  t h a t  t h e  m e t a  a c i d  
w a s  e i t h e r  11 c i s " o r  “ t r a n s "  o r  a  m i x t u r e  o f  b o t h  i s o m e r s  w a s  
i n v e s t i g a t e d  p y  p r e p a r i n g  m . h y d r o x y  c i n n a m i c  a c i d  f r o m  
m . h y d r o x y  b e n z a l d e h y d e  a n d  m a l o n i c  a c i d  a s  a b o v e ,  a n d  




it to stand with methyl iodide in methyl alcoholic KOH 
solution. Any unchanged hydroxy acid was separated 
from methylated acid hy means of diazotiaed sulphanilic 
acid with which the hydroxy acid gives a soluble deep 
red dye*
The methoxy acid was recrystallised from dilute 
acetic acid and had a meiti^ng point of 119* C. The 
acid prepared above from m methoxy benzaldehyde had a 
melting point of 120° - l£l c thus the meta acid was not 
a mixture of isomers*
Isomeric methoxy hvdrocinnaiaic Acids.
(Perkin & Hohinson J. 190? 93 1099)
The methoxy cinnamic acid in alkaline solution was 
vigorously stirred and the requisite quantity of &jjo 
sodium amalgam added in small quantities. Concentrated 
HC1 was simultaneously added drop by drop in order that the 
jconcentration of alkali should not become too great 
and cause the loss of GQ% from the carboxyl group. The 
solution on cooling was acidified and the aothoxy 
hydrocinnamic acid was precipitated.
The most successful yield was obtained when 
the temperature of the reaction mixture was raised 
quickly by adding the sodium amalgam quickly to the 
warm solution*
Isomeric methox.v/? ohenvl oropionamides
Two/
21.
1) The amide was prepared directly from the sub­
stituted hydro cinnamic acid by passing a stream of dry 
ammonia gas into the acid maintained at 2 2 0 ° - 330*0. 
for two hours. Tne temperature is a very important 
factor and any elevation of the temperature resulted 
in tarring. The yield was poor.
2 ) The following method was much more successful.
The diy mathoxy hydrocinnamic acid was dissolved 
in dry chloroform and I - It molecules of thionyl 
chloride added. The reaction mixture guarded by a 
calcium chloride tube was allowed to stand overnight 
and then poured into ammonia (D 0.880) which contained 
a small quantity of HaQH. The whole was Kept cool in 
ice water. The chloroform was rapidly distilled off 
and with it a proportion of the ammonia. (This oper­
ation was done in the open air)• The residue was 
filtered hot and the amide separated from the filtrate'. 
The quantities used were
50 grams methoxy hydrocinnaraic acid 
170 c.c. dry chloroform 
37 c.c. thionyl chloride 
600 c.c. ammonia (P 0.880) containing 
• 20 grams EaGE in the minimum quantity of water.
The ortho and para amides were fSHMl to separate 
partially from the chlorof orm-ammonia solution before 
distillation. The yields obtained were
o amide/
Two methods were used.
2 2 .
o amide 8556 
m & p amides 80f  
No melting points were taken.
Isomeric Anisyl etdyl aminejL.
I Buck and Perkin I . 1924 ¿2& 1679)
Sodium dypocdlorite was prepared by passing cdlorlne 
prepared from KMnO^ and dCl into ice cold NaOd solut­
ion. Tde amide was added to tdis iiypocdlorite solution 
and tne temperature gradually raised to 70°- 75° C and 
maintained tiiere for one dour. Tne reaction mixture 
was allowed to cool for two dours and tne amine extract­
ed witd benzene, dried and precipitated as tne hydro­
chloride.
At this stage in tne syntdesis tne amines were
purified.
Purification of tde Amines.
Each amine dydrocdloride was dissolved in 
water and tde solution extracted with etder. Tne 
aqueous solution after evaporating oft1 dissolved etder 
was made alkaline witd NaOd. A red liquid was separated 
off, washed witd water, dried and distilled in vacuo.
Tde belling points were as follows:- 
f t pdenyl etdyl amine 37° -  88°/18 m.m.
o anisyl etdyl amine 127°- 138° ¡ 2 1 m.m.
m * u » 1 2 6 -  12*f ¡1 4 m.m.
p » » « 132 j i s  m*m.
pdenylj
/3 phenyl ethyl amine had been prepared coin­
cident with the substitute<y? phenyl ethyl amines by 
the same methods ancl it was now used to determine the 
conditions for the preparation or the alcohols.
/s pa.en.vx Qtavl alconol.
/ phenyl ethyl amine hydrochloride was prepar­
ed by passing hydrogen chloride into a concentrated 
"benzene solution of the amine. The resulting solid 
hydrochloride was filtered and dried.
It was then dissolved in the minimum quantity 
of water % one xaolecuie of EC1 added followed by I-g- 
molecules of EalfQg dis solved in water the solution being 
mechanically stirred and cooled below 0°C. during the 
operation.
After two hours stirring the reaction was 
completed by neating for 30 minutes on the water bath 
when a red oil separated out. When this liquid was dis­
tilled in vacuo two fractions were obtainsd-
tfraction A HZ - 8ri  ¡Zl m.m.
and fraction B 9o°-Iü5/ ai m.m.
A contained hydolysabie chlorine and a trace of nitrogen 
B contained a trace of hydrolysable chlorine and no 
nitrogen.
The lower boiling fraction A was proved to be 
/? phenyl ethyl chloride. The higher boiling fraction 






The chioro compound must he either CgHgCHCi^C
Or Ĉ EgCĤ CJtijyCi.*
The first would he formed if the reaction
E
talcing place was as follows
H







The second compound would he formed if the following 
reaction toolc place -
0^Hr 0H20H2Clo6h 5o h2-o h 2 N H2:• H01
N 0 * OH
The compound was proved to he CgHgCE^CE^Cl hy nitrat­
ing in the para position pure^phenyl ethyl chloride 
and also nitrating the lower hoiling fraction A . The 
resulting solids were recrystallised and a mixed melting 
point taken. The methods and results are given helow.
/? phenvl ethyl chloride
(Barger J. 190 9 S& 3X93}. 
phenyl ethyl alcdhoi (commercial product} was added 
drop hy drop to a mixture of PCI5 and chloroform. The 
reaction was completed hy warming on the water hath for 
two hours. Ai*ter the removal of CEC13 and PoCI3 the 
residue/
35
P pnenvl ethyl chloride*
(Barger loc.cit. )
It was prepared by phenyl ethet chloride at
-I5°C with fuming HNQg (d 1.6 ). After pouring on to ice 
and extracting, the product was distilled and two
The higher fraction crystallised out on cooling. it
a owas recrystallised twice from 4 0 - 6 0  petrol ether and 
gave a melting point of 47°- 48*0. 1 Barger 49°c. )
(Braun (Ber.^g, 1276)repeated Barger*s work and gave the 
melting point as 46° c. he also stated that no ortho 
derivative was formed on nitration at low temperature ).
The lower boiling fraction from the alcohol 
prepared from ̂ phenyl ethyl amine was nitrated as 
hefore and the restating solid on recrystaiiising twice 
from 40 - 60° petrol ether, gave a melting point of 47° 0.
Microscopic examination revealed no difference in the 
crystalline form which was plates.
Thus the lower boiling fraction was proved to
a ofractions collected i.e. 165 - I7& /I8 m.m
o oand 176 - 179 y 18 m.m.
It did not depress the melting point of the 
nitro compound prepared from the pure chloride.
toe almost completely ̂  phenyl ethyl chloride.
isomeric methoxya  pnenvi athyl alcohols.
In view or tne atoove fact HC1 was replaced toy 
EgSO^ in preparing MEOg.
Dilute E2S04 was cadded to tne amine and the 
amine sulphate was redissolved in excess or dilute acid. 
Alter carrying out tne reaction as before tne product 
was steam distilled# tne distillate extracted* dried and 
distilled in vacuo.
In each case a very poor yield ©I tne metnoxy 
/? phenyl ethyl aiclhol was obtained distilling over a 
range or 10 C and containing traces or unchanged amine.
Attempts to torominate these impure alcohols 
were unsuccessrul and tne synthesis was abandoned.
3 ) preparation or the ismoeric methoxy /? phenyl■in . ... I ■ P I. ■ ■ m m„ mmmmmm . . ■■■■ !■■■*<! i ■■ r mm —  ■ ■
ethyl alcohols toy the third synthesis.
The initial compounds are the isomeric torom 
anisoles which were prepared as follows:- 
p broat anlsole.
p Prom Pneaol (Organic Syntnesis i. 39).
Phenol in CSg solution was torominated below 5° C toy the 
slow addition or a solution or bromine in CSg. After 
the removal of CSg the resulting liquid was fractionated 
in vacuo when it distilled completely at 116°- 122 ¡16 m.m. 




yield was 960 grams from 760 grams or phenol. M.p. 64*C.
o brom anisole.
Quantities of 100 grams each of p brom 
phenol were methylated by the addition of a solution 
of IB grams UaOH in 160 c.c. of water and 48 grams 
of dimethyl sulphate. This mixture was shaken under a 
reflux condenser for 15 minutes, 20 grams of NaOii were 
added and the reaction mixture was boiled for three 
hours. Ten c.c. of dimethyl sulphate were now added and 
boiling continued for another four hours. An oil 
separated, which was washed several times with dilute 
NaQH, to remove traces of phenol, and tnen with water, 
dried and distilled using a four bulb fractionating 
column, p brom anisole distilled at 217 - 221 c. The 
yield was ¿¿70 grams from 300 grams of p brom phenol*
m brom anisole.
This compound was prepared according to the 








The four stages axe described as follows:- 
/.) |a brom nitro benzene.
Wheeler and Mci’arlane (, A m e r . Cnem. «3 • 1 8 9 1
£ 9  3 6 6 ) . /
Nitrobenzene was heated in a flasifc to m o° o in piesence 
or a halogen carrier, iron wire, and bromine slowly 
added. AT ter the mixture had been heated ror two hours 
at ISO C it was steam distilled and the rirst fraction 
which contained excess bromine was discarded. She 
solid m brom nitrobenzene was filtered, dried and 
recrystallised from 96fo alcohol.
The quantities: used were rour times these 
stated in the literature i.e.
ISO grams nitrobenzene 
IS grams iron wire 
240 grams bromine.
The yield obtained was 140 grams.
m brom aniline.
C R. W. west J. 1925 ¿27 494)
One gram moiecuie of m brom nitro benzene was heated 
to boiling with 500 c.c. 9 alcohol containing IQ c.c. 
concentrated HCI. 170 grams or fine iron Tilings 
were introduced in four portions with an interval between 
each addition. The mixture was heated for two hours, 
made aixaline and steam distilled. The product after 
extraction with ether, drying and removal of ether, 
was distilled at 250°“ 260°C but slight decomposition 
toox place and distillation in vacuo was used in 
subsequent preparations.




forming tue aniline hydrochloride which was filtered and 
washed and dissolved in hot water, A slight quantity 
of unchanged m brom nitro benzene separated out.
Ultimately the reduction was so successful 
that no unchanged m brom nitro “benzene was obtained.
3 ) m Prom Phenol-.
It was formerly very difficult to obtain a 
good yield of m brom phenol by the diazotisation of 
m brom aniline. CDieis and Bunzl(£er.I905 38 1496) 
give a method with only a z&jo yieldT).
However a method of carrying out the diazoti*“ 
sation was suggested by Ur H. H. Hodgson C cf.Brit.Pat. 
200714) and proved to be very successful.
m brom aniline sulphate was formed from 50 
grams m brom aniline and dissolved completely in hot 
dilute H#S04 of the requisite quantity to form a thin 
paste on cooling. This paste was cooled to Q°C, 
mechanically stirred and 30 grams solid NaJTQg added in 
small quantities. About four hours were occupied in 
this addition. Ten grams urea were then added to 
destroy excess HHOg and the resulting diazotised soiut~ 
ion added to 200 c.c. HgS04 (I part concentrated acid :
I part water) through which a brisic current of steam was 
passed, m brom phenol readily distilled in steam and, 
contrary to literature is appreciably soluble in water. 
After extraction and drying, it was fractionated in 
vacuo/
29.
vacuo. It distilled at about ISO /13-14 num.
The yield varied from 80^ - 90fo of the theoretical.
4) m torom aniaoie.
It was prepared toy aetliylating in brom pnenoi 
by the same method as was used above in the methylation 
of p brom phenol.
The boiling point was 214°/729 m.m. and the 
whole distilled at 211.5 - 214.6 ¡7 29 m.m.
There was no trace of phenol present.
The yield from sio grams m brom phenol was 
160 grams.
o brom anisole.
It was prepared by the methylation of o brom the
phenol. This appears to he/first time this method has 
been tried for preparing o hrom anisoie*
The UBthod of methylation was the same as 
that used in preparing the met a and para isomers.
The yield obtained was 80^ of the theoret­
ical The literature on the subject gives the following 
boiling points for this compound:-
Walloch, Heusler U  M L  *37) = 221 -2 2 $
Michael is ,Geisler( B.27 266) - 210°
Grande ( G. 27 II 67) = *17.5°- 218.°
An accurate determination of the boiling point was made 




preparation of the Isomeric methox.v/? phenyl ethvl
alcohols.
V. Griemard { Comptes Hend.l9Q5 14 I 4 4) obtained 
p methoxy/3  phenyl ethyl alcohol by preparing tbe 
magnesium compound of p brom anisoie and allowing it 
to react with ethylene chiorhydrin according to the 
aquations -
/I I +  = 1 j +
\/ \/ och3 OCiJ3
I | 4- C b i t O  7 ^  . =  / \ . ^  y j t & r M .
\ /  \/OCrt3 o£/-J3
This re act ion 1 though requiring extreme care, was 
successfully used for the preparation of all the isomer­
ic methoxy^ 3 phenyl ethyl alcohols.
The general method used was as follows:-
1.6 molecules brom anisoie and 1.6 atoms magnesium in
■
250 e.c. dry ether were allowed to react in an apparatus 
which is detailed below. Mien the reaction was complete,
0.5 molecule of ethylene chlorhydrin in an equal volume 
of dry ether was slowly added, shaking constantly. The 
reaction was vigorous and it was carried to completion 
during the slow distillation of the ether. At the end 
of this distillation the resddue frothed up. This 
however/
32.
howev&r made the resulting solid porous in nature and 
facilitated the removal of impurities, The residue
which was darK brwon was heated at about 180 /I4 m.m. 
for two hours to remove impurities. An optimum 
temperratyre had to he found for each compound as tarr­
ing readily toolc place at this stage. The impurities 
Included anisole and the isomeric dianisoles.
The magnesium alcohólate which did not distil at this 
temperature was ground up with ice and left for 30 
minutes. The necessary quantity of EgS04 in ice water 
to dissolve the magnesium was now added drop hy drop, 
stirring continuously. After leaving for three hours 
the product which in ortho and para isomers coagulated 
into semi solid masses, was extracted with ether, dried 
over anhydrous Na^SO^, and the ether removed. The 
residue was heated on a wa£er hath for 10 minutes with 
25 c.c. of 105*0 alcoholic KQK to remove traces, of halogen 
Excess water was added and the whole extracted and 
dried as before. The red coloured liquid residue was 
distilled in vacuo using a Widmer column (iielv.Chim.
Acta 1924 59) in the Claisen flaslc.
Note on the apparatus uaed.
The following diagram indicates, a method in 
wlsleh the various reactions were carried out in the
same flasfc*
A two litre distilling flasi: with a wide side tube to 
allow the introduction of a dropping funnel was used. 
The magnesium 3 ether and the brom anisole were allowed 
to react in the flasK and ethylene chlorhydrin was then 
introduced through the dropping funnel. The dropping 
funnel was removed and the double surface condenser 
replaced by a rubber stopper« The ether was then die» 
tilled off in the ordinary way and a Collie flasK was 
attached to the side tube to collect the impurities 
removed under reduced pressure» The powdery residue 
was easily removed from the flaslc.
Below is given the results of the preparation 
of the isomeric methoxy^3 phenyl ethyl alcohols.
0 methoxy /3 Phenyl ethyl alcohol.
The optimum temperature for the removal of 
impurities was 160*“ I60°/I5 m.m* This temperature 
did not remove all the impurities but it was found 
expedient to .remove any higher boiling impurity In the 
fractionation of the final product and thus avoid 
possibility of tarring.
0 OThe boiling point was 130 -131.6 /I3 m.m*
At -5°C the colourless liquid was very viscous«, On 








m Methoxy i i phenyl ethvl aieohm
The optimum Jsmperature' in the removal of 
impurities was I60°-I70°/ 15 num. The product on 
the addition of H2S04 did not coagulate into lumps as 
in the ortho and para isomers hut remained as an oil. 
The hoillng point was 125°- 128°/is m.m. The colour­
less liquid did not solidify after long standing at
o-5 C.
On analysis the compound contained 
7l*lî b Cartoon 
7.59f  hydrogen 
c9hI2°£ requires 7l.ijt Cartoon
7*89<jo hydrogen.
£ mettooxy phenyl ethyl alcohol,'
The optimum temperature on the removal or 
impurities was 160°/12-15 m.m.
The tooiling point was 136°- 140°/II m.m. and the 
melting point of the white crystalline solid obtained 
on cooling toelow Q*C was 24° C.
( Grignard (loc.cit.) B.p. = 143^- 144°/I3 m.m*
M. P. - 24" C. )
Xfc each case atoove the yields obtained were approximately 
255i of the expected*
Preparation of the isomeric /3 Phenvl ethyl torp.mi.aes_»
After preliminary experiments the following 
conditions were used for the torominatlon of the para 
alcohol/
alcohol.
Phosphorus pentabromide (if molecules i.e.
25 grains) and 50 c.c. dry benzene were placed ¿naa 
small flask to which an air condenser was attached and
10 grams a t p methoxy /3  phenyl ethyl alcohol were 
added a few drops at a time« The contents of the flask 
were vigorously shaken and kept cool in ice water. The 
operation occupied 30 minutes. The mixture was then 
transferred to a Claisen flask with a wide air leak
and air, dried by passage through CaClg and P^05 towers 
was aspirated through the solution in order to remove 
the hydrogen bromide as soon as it was formed. This 
operation occupied 3 - 4  hours* During this time the
PBr^ slowly disappeared. The resulting red solution a
was heated water bath at 50°C for 30 minutes cooled 
and poured on to ice in order to decompose the PGBr3 
which was formed in the reaction* The benzene solution 
of the bromide was then separated and washed several 
times with water to remove all traces of PGBrs and dried; 
over UagSQ^. and the benzene distilled in vacuo* The 
residue was again washed with water and extracted and 
dried as before* The final fractionation using a
o
Widmer Column yielded an oil of boiling point 130-131/
11 m,m. Three grams of a colourless liquid were 
obtained*
The compound on analysis contained 
35,ofo of hydrolysable bromine 
CqH„ QBr requires 37.2fo hydrolysabie Bromine,
35 .
36
Note An estimation or the percentage or hydrolysable 
■bromine was obtained by heating a weighed quantity 
(0.16 grams) or the substance with 10 c.c. or IQf 
alcoholic AOH ror 30 minutes * cooling and acidirying with 
&'c« c« or concentrated HNO^* yen c.c* or N/IO AglTQ̂  
were added and the excess AgtfÔ  was back titrated 
with N/IO using rerric indicator*
M methoxy /guhenvl ethvl bromide.
The same method or bromination was tused* A 
poorr yield or a yellow liquid was obtained and it was 
distilled at 135°“- 150° /IS m.m* Above i&Q ¡1 2 m.m. 
decomposition took place and rumes or BBr were 
observed* The product on analysis contained 
30.6^ oi> hydrolysable bromine 
Cc^OBr requires 37.2fo hydrolysable Br.
The result or analysis seemed to indicat enincomplete 
bromination and so a rurther 10 grams or met a alcohol 
was brominated» the conditions being modiried so that 
the solution aTter heating to 60°C and lert in the cold 
ror several hours was again shaken up with PBrg (■£ 
molecule i*e* 14 grams ) and decanted on to ice as berore* 
The product was rractionated in vacuo and it distilled 
at 1 6 3 lbs*/15 m*m*
On analysis it contained 2 lU 2 f  hydrolysable
bromine.
CgEjiOBr requires hydrolysable Bromine.
To/
37.
To explain this result three possibilities were 
considered.
I ) Déméthylation by ire© hydrogen bromide may 
have taken place, in the above method an attempt was 
made to ̂ prevent this by removing the HBr from the 
system at once.
Z ) Nuclear bromination may have taken place 
possibly subsequent to déméthylation.
#) A compound of the nature ûCEgC^CH^.CE^üPBr# 
may have been formed ( cf.Boyd J. I9£6 ZdZd ).
The abnormal elevation of the boiling point of the 
bromide in comparison with the alcohol also indicated 
nuclear bromination. In order to examine the possibil­
ities several analyses were performed.
( OCH3 ) group by 2eisel*s method was carried out. The?
14. #  OCH3.
An estimation of the total bromine by Darius* method 
was carried out. The compound contained 53»8fo bromine?
OCH^C^E^Br^CE^CHgBr requires 54.4*/» Bromine
Tests for the detection of phosphorus failed. It was 
thus inferred that déméthylation and nuclear brominat­
ion had taken place.
An estimation of the percentage of methoxyl
compound contained OGKg requires
QCKsCgH^CHgCHgBr requires 3?.£̂ > Bromine
PBr 6 /
38.
PBr5 was the only suitable brominating agent. The 
choice was restricted since gaseous HBr caused déméthyl­
ation and had no effect on the alcohol and compounds of 
the nature R C^ti^Ch^Ch^OPBr^ were the probable result 
of the use of PBr3 (see Boyd and Smith J.I926 ¿28 2328) 
A solution of hydrogen bromide in glacial acetic acid 
and constant boiliisg HBr solution both gave negative 
results*
Pinally 10 grams m methoxy^3 phenyl ethyl 
alcohol were brominated at room temperature, 36 grams 
PBr^ and 60 c.c. dry benzene were placed in a Claisen 
flaslc and 10 grams of the alcohol slowly added. As 
before dry air was aspirated through for several hours. 
The product was worfced up as before without heating to 
60° C and after washing with water and distilling off 
the ether and benzene in vacuo the residue was distilled 
under diminished pressure.
No definite fraction was observed. The 
boiling point was 132°«* 160 /I2 m.m. Slight décomp­
osition tools; piac^above 160°/X2 m.m. A trace of a
white solid was observed On the nech of the Claisen 
flash.
The product contained 32.75b of hydrolysable Br. 
0CH^C6H4CHgCHgBr re quires 37.8fjn hydrolysable Br.
It contained 4 0 f of total bromine.
0CH^Cgii^CHgCE^Br requires 37.25b total Br.
It also contained 12.75b methoxyl group
OCHg/
OOH^C^H^OHsCHgBr requires 14.4$ OCH3 )
Therefore slight nuclear bromi&ation and 
demethylation again took place. it was thus found 
impossible to prepare m methoxy /3 phenyl ethyl bromide 
in the pure state.
0 methoxy & phenyl ethyl bromide.
39.
The same method and quantities were used as
in the final preparation of the meta bromide above.
Distillation in vacuo began at l30°/l2 m.m. and slowly
rose to l60°/is m.m. when a definite fraction was
observed at l60°-l65°/l2 m.m. which was collected
separately. It solidified to a white crystalline
solid (3 grams) which was crystallised from 9QLjo alcohol
in white needles and melted at 53°C.
After repeated recrystallisation the melting point
remained sharp at 55°c.




This analysis corresponds with a compound of the form­
ula OOH3C6H 3Br CH2CH2Br which requires
3 6 • 7c/o Carbon
3 • 4l1o Hydrogen 
53*7$ Total Bromine
The percentage of hydrolysable bromine obtained also
agreed with a compound of this composition (i.e. 37.25b)
0 cresol brominates in the 5 position so the




( Organic Synthesis £  21 )
P toluidine was converted to p brom toluene by 
the usual Sandmeyer reaction as rollows:
CK^CgE^Hg +■ HH0g+EgS04 = CH3C6H4% S 0 4E 
CH3C6E4£i2S04E + EBr ( + CuBr ) =• CH3C6E4Br ̂ Ng-'-HgSQ4
The Sandmeyer reagent, EBr - CuBr solution, 
was rirst prepared and the diazonium solution was added 
slowly to it. A current or steam was simultaneously 
passed through the heated solution. The p brom 
toluene resulting rrom. this steam distillation was 
extracted, puriried and distilled at 13S -  183° C.
The yield was 100 -IIO grams*
m brom toluene.
The method used above in the preparation or 
the para isomer was tried but the yield was <poor* The 
diazonium compound was less stable than the correspond­
ing para compound.
However a method ( Organic Synthesis 6, 8 & 16 )
Preparation or the isomeric ft to ly l ethyl bromides*
was used successfully in which p toluidine aTter 
acétylation Was bromlnated and subsequently diazotised 
according to the rollowing equations:-»
41.
It was round advantageous in the separation or the 
amine hydrochloride to leave the solution ror several 
hours« Also in extracting the impurities with 
concentrated HgSQ^ only a small quantity or acid was 
used in each extraction since otherwise it was d i m  cult 
to observe two layers.
ATter rractionation or the product the boiling 
point was 182*- 184^0«. The yield was 90 grams rrom 
214 grams or p toltdino.
0 brom toluene.
The method adopted was the one used in the 
preparation or p brom toluene. The instability or the 
dlazonlum compound resulted in a large decrease in 
yield which was only 26^ or the theoretical.
The boiling point was 179°- 182 c.
Several methods were tried including a method
/by Acree (Ber.,1904 S I "4) in which o toluidine was 
diazotised in RBr solution but there was only a slight 
improvement in yield and the above method was the 
most convenient.
The method used in the preparation or the isomeric,
/? tolvl ethvl alcohols was the same as that described 
under the preparation or the isomeric methoxy^3 phenyl 
ethei alcohols. (Grignard Comptes Rend. 1905 141. 44)
I I +CU,CtCH t OH = I I CH,Ce CHt orqg &.
\ /  \ J
Chi} Chi$
A ^ ê M W ,  0 *lgS*-
K J + C H ^ t ^ o ^ ô ,  = ^  rtg^ee.
\ /  \ /  7
3C H 3  C b !
The quantities used were as follows 
64 grains brom toluene 
9 grains magnesium 
2go c.c. dry ether 
10 grams ethylene chlorhydrin. 
and the general procedure was the same*
Any modifications are detailed as follows:-
v torn ettoi alcohol.
In removing iH&airities by heating in vacuo 
it was found that the optimum temperature: was much 
higher than the methoxy substituted compounds i*e*
180*- 200°/I4 m.nn The removal of pp# ditolyl 
presented difficulties. After a preliminary distillat­
ion of th^e final product it was cooled below 0° C. and 
separated from the white solid pp* d^tolyl (M.p.siSi°c, 
B.P. = 295°C) by filtration through glass wool. When re4- 
distilled it had a boiling point of 116.5°- 118°/I4 num.
(Grignard ( Comptes Bend. 1906 141 44.) B.P. II5°- 
II6°/I3 m.m.]
;/? m tojlvl ethyl. alcohols 
There/
There was no modification of the method.
The final fractionation was 114*- 117*/I3 m.m.
Braun Grabowski & Kirschbaum (Bar. I9ia 46 1266)
123°- 125°/18 m.m. ]
fip . t p w  e.myA.,^ss>te!l.
In this case the Grignard reaction was un­
successful until traces of phenol and free halogen 
which were detected in the o brom toluene, were removed 
by washing with alkali, dilute H2S04 and UagC03 solution 
After which the purified brom^= toluene was dried and 
redistilled. The reaction was then successful. The 
boiling point o f o  tolyl ethyl alcohol was II5°- 116 / 
13 m.m. (Grignard (loc.cit. ) 119°- isq°/I4 m.m.J
Preparation of the isomeric /&  tolyl ethyl bromidesI ------ _ /
from the corresponding alcohols by BBrg.
The method of bromination was the same in each 
case. A detailed description is given of the procedure 
in preparing ̂ 3 m tolyl ethyl br^omide.
Fifteen grams of met a alcohol were mixed with 
60 c.c. dry benzene in a flask carrying an air condenser 
and molecules PBr5 were added slowly. The flask was 
continually shaken and kept cool in ice water. The 
reaction was vigorous and hydrogen bromide was continr* 
ually evolved. After, the reaction had modified the 
whole/
whole was heated in a water hath to 60°C for one hour 
when there was no further evolution of HBr. She 
unchanged PBr5 and PGBr^ were decomposed hy pouring 
on to ice, which was extracted with ether* The ether̂ - 
eal layer was dried over NagSÔ ., an^d after the removal 
of ether the residue was distilled twice in vacuo using 
a Widmer column.
In order to obviate any possibility of unde­
composed POBTg being present the yield was washed 
subsequently with water* dried and redistilled*
Compounds* percentage, hydroly- Bolling Points,
BE*
ft V tolyl ethyl found 40.3$ yolrno0 / t o  ™ mtiro Bide CgHj ̂ requires io .2f> y^ 100 I10
/3m tolyl ettiyl f  £ou?a 39.8e/o i q i - iq z /ii m.mJbromide CgEj-j-Br requires 4O.^o 1
/3 o tolyl ethyl f  found 39.4$ T * ° .
/  bromide' CgHjjBr requires ZrbJ mii m*m*
In order to investigate if any nuclear 
bromination had taJfcen place a toJtai bromine estimation 
by the method of Carius was carried out on ̂  m tolyl 
ethyl bromide.
The compound was found to contain 40.0$ total 
bromine and C ^ u ^ r  squires. 40.2/jo total bromine.
Thus no nuclear bromination had tajfcen place*
Preparation of /3 Phenvl ethyl bromide.




using the same method, as was detailed for the preparat­
ion of the methyl substituted derivatives.
O OThe boiling point was 89 - 89.5 ¡ 1 2  m.m. and 
the yisld was 60<fo of the theoretical. The compound 
was analysed and contained 42.4°/> of hydrolysable bromine 
C8H9Br requires 43.2*jo hydrolysable bromine.
A second very successful method ( suggested to 
us by Professor Lapworth) was also used*
Twenty grams /3 phenyl ethyl alcohol and 50 c.c. 
constant boiling hydrobromic acid solution (B.P. = I23°/
730 m.m. ) were refluxed for four hours. The two layers 
were separated and the bromide layer was washed with 
water until no free halogen was detected, dried and 
distilled in vacuo.
The boiling point was 89°- 89.6 ¡1 2 m.m.
The compound on analysis contained 42.4jfe hydrolysable 
bromine.
CqHqBt requires 43.270 hydrolysable bromine.
In the bromination of p  phenyl ethyl alcohol and its 
substituted derivatives there is the possibility of, the 
formation of isomers e.g.
C$6.5OE^GK^Bt and C^EgCHBr CE3
in order to investigate this possibility 
y3 phenyl ethyl bromide was prepared by using two different 
brominating agents HBr solution and PBr5. The product 
obtained/
obtained in each case had the same boiling point and 
the same percentage or nydrolysable bromine. 1 i t  her. 
or the bromides obtained were a mixture or isomers or 
one was an Isomer or the other then it was anticipated 
that the action or hydrolysing agents would show a 
variation in the rate or hydrolysis.
A hydrolysis or each sample was carried out as
follows
0.099 gram or /3 phenyl ethyl bromide (P B r ^  method ) 
and O.IOI gram or^  phenyl ethyl bromide(HBr method) 
were hydrolysed by a solution or alcoholic NaQH pre­
pared by adding 5 c.c. or H/IO HaQH to the standard 
flask and making the volume up to ¿¿5 c.c. with absolute 
alcohol. The flasks were heated to ?6°ror two hours 
and the unused alkali titrated with N/lQ EClT” in the 
usual way.
/3  phenyl ethyl bromide (PBr5method) was hydrolysed 
to the extent or 41 ̂  and^  phenyl ethyl bromide (HBr 
method) to the extent or 407b.
!Che possibiiityeor the presence or isomers 
is thus remote.
In order to substantiate this result in the 
/?tolyl ethyl bromide series the preparation of^-p* 
tolyl ethyl bromide with constant boiling HBr solution 
was attempted but was unsuccessful*
EXPERIMENTAL.
A series of preliminary experiments were per­
formed in order to determine the conditions under which 
the rate of hydrolysis could he compared most satis­
factorily.
Eirstly the behaviour of the bromides towards 
aqueous alcohol was investigated. A quantity oH ̂ 3 p. 
tolyl ethyl bromide t.098 gram) was weighed into a 36 
c.c. standard flasK. 20 c.c. of abeolute alcohol added 
and the volume made up to 25 c.c. with water. The flash 
was heat^ed for four hours at 61*c by suspending it in 
a flasic fitted with a double surface condenser and 
containing boiling chloroform. The vapour of the 
chloroform Kept the contents of the flasK at the 
required temperature thus acting as a simple thermostat* 
The contents of the flasK were washed into a conical 
flash containing water and titrated with N/2Q NE^QE.
The titration was 0.2 c.c. and thus hydrolysis in 
aqueous alcohol at 61 is negligible. Also free 
halogen impurity was absent.
A similar experiment was carried out$ the 
hydrolysing agent being alcoholic NaQE. In a 25 c.c. 
standard flasK containing O.Q?3 gram of /?.p.tolyl ethyl 




made up to 85 c.c. with absolute alcohol. The whole
owas heated at 61 C for Tour hours and titrated with 
n/&q EC1. The titration was 4.06 c.c. On comparison 
with a blank experiment which required 6.70 c.c. the 
percentage hydrolysis was 4&f>. The same concentrat­
ion of alkali at 76 C (i.e. the vapour of boiling CC14 ) 
hydrolysed 7Î > andi» the^ass of^  tolyl ethyl bromide 
hydrolysed 74̂ o*
It was thus concluded that hydrolysis did not 
take place readily and that appreciable differences in 
the rate of hydrolysis would not be observed. In order 
to magnify these differences as much as possible the 
first series of hydrolysis experiments were made at 85*0. 
over a period of 8 days.
Approximately 0.55 gram of /3 phenyl etnyl 
bromide and the isomeric tolyl ethyl bromides were 
weighed into 850 c.c. standard flasks. Thirty c.c. 
of H/IQ KOE were added and the volume was made up to 
"850 c.c. with absolute alcohol. The flasks were 
placed in a 85* thermostat and 85 c.c. of the solution 
was titrated each morning with N/20 EC1.
The results are summarised in the following 
table in which w?represents the weight in grams used, 
t, the time inidays from the commencement of the 




unsub. o isomer m isomer p isomiw 0.559 0.594 0.678 0.542
t X X X X
I 10.9 II II.3 Y.32 ¿4.2 19.3 ¿0.0 17.33 32.6 ¿4.1 ¿7.7 21.34 37.5 30.7 34.7 ¿6.75 43.1 33*0 40.7 34.06 47 -4 39.0 44.4 38.47 50. 9 44.2 48.6 44.08 51.7 i 46.2 49.2 45.1
A second series of hydrolysis were carried out at 76 C. 
It was calculated that for a definite concentration of 
alcoholic NaOH. the equivalent quantities of /3 phenyl 
ethyl bromide and tne isomeric^ to lyl ethyl bromides 
were 0.45 gram and 0.50 gram respectively*
The following method was adopted as the most
suitable.
Hydro lysis of /? pnenyl ethyl bromide and the isomeric
 ̂t£LLvJL^,thyl fryafluoa/
In a 100 c.c. standard flasx containing the 
requisite weight of tne compound to be hydrolysed there 
were placed 75 c.c. of absolute alcohol and #5 c.c. of 
u/io EaOxi and the volume made up with absolute alcohol 
to about 103 c.c. The contents of the flasE were 
thoroughly mixed and ¿0 c.c. of the solution pipetted 
into five standard ¿55 c.c. flasics and each flas3c heated 
in the vapour of CCl^ i.e.76°C) for a.specified time, 
the/
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the periods being t hour, I, 2, 4 and 6 hours.
The whole' operation of placing the solution 
in the flasx was completed within 10 minutes and no 
appreciable hydrolysis would result during this short 
period in the cold. After each hydrolysis the contents 
of the flask were poured into water and titrated with 
Jtf/lO HCi using methyl red as indicator.
The results are summarised in table 11 in 
which w and x have the same significance as in table I 
and t represents the time in hours.
TABLE I I .
unsub o isomer m isomer p isomerw 0*452 gm. o. 501 gm. 0.506 gm. 0.500 gm
t X X X X
t 55*6 37.9 4Ô.2 45.6I 68.1 54.4 63.1 56.02 81.2 08.5 75.3 71.2
4 89.4 81.9 86.0 83.3
6 93.4 84.7 90.4 86.8
x was graphed against t and this is shown in graph I
in the introduction.
Hydrolysis of ? methoxy ̂  phenyl ethyl bromide.
p methoxy /̂3 phenyl ethyl bromide was hydrolysed 
under the same conditions as the isomeric toiyl derivat­
ives. The percentage hydrolysed was calculated on the 
basis of 9 purity i.e. 94f  of tne weight taken was 
p methoxy phenyl ethyl bromides
The results are given in the folxowing tabl®
in/
5 1 .
in which w, x and t have the same significance as in 
table II.
TABLE III.







x was graphed against t in graph II in the introduction
and for comparative purposes the hydrolysis curves
for ̂ 3 phenyl ethyl hromide and ̂ .p. tolyl ethyl hromide
were repeated.
Non Reactivity towards Hydrogen iodide.
A single (quantitative investigation of each 
compound was carried out.
Approximately 0.1 gram of phenyl ethyl hromide' 
and the isomeric^ tolyl ethyl bromides were weighed 
into 25 c.c. standard flasks, 10 c.c. of constant 
hoi ling HI added and 5 c.c. of glacial acetic acid.
The flasks were heated for four hours in a glycerol 
thermostat at 100° C, poured into 50 c.c. of water and 
titrated with 0.0831 N NagSgO^using starch as indicator.
The results are tabulated below, a blank 
experiment gave a titration of ¿3.50 c.c.
Compound /
Compound weight used Titration Titration
-b lanK *
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0.0 94 gm* 3*04 C.C. 0*04 C*C«
0*103 3.05 0* 60)
0.096 2. 93 0.43
0.099 ¿¿•71 0.21
^  o tolyl ethyl bromide 
^3. m £olyl ethyl bromide 
p tolyl ethyl bromide
The amount of reactivity towards El, as represented 
by the final column, which is the number of c.c.'s of 
HagS&O^ equivalent to the amount of iodine liberated, 
is negligible* This result was anticipated from 
theoretical considerations*
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In order to correlate this work with the 
various recent theories based on the Thomson & Lewis 
Langmuir theory of the atom ( Thomson , silliman Lecture* 
1903 ),*( Lewis, J.Amer.Chem.soc. 1916 _38 763 X Langmuir 
ibid,I9I9 _4l 868 etc. ) it is necessary first of all to 
stress certain features of that theory particularly 
as applied by Kermack and Robinson ( J.I932 131 438).
A completely satisfactory interpretation of the theory 
is still remcte^but sufficient has been elucidated by 
recent investigations to ¿Justify a theoretical 
expression of the result of this research on an 
electron basis.
The outstanding feature of the Thomson and 
Lewis Langmuir theory is the explanation of the nature 
of chemical combination and the recognition of the 
tendency to form stable octets in the case of these 
elements! except hydrogen) which commonly occur in 
carbon compounds.The positive nature of hydrogen implies 
that the stable condition is reached when no electrons 
surround the nucleus. An atom is negative which is 
surrounded by a stable octet o£ which tends to attract 
electrons so as to form a stable octet. The less the 
electrons are shared by other atoms the more stable is 
the/
DISCUSSION.
the octet. An important point to note is that a 
disintegrated octet tends to further disruption.
Let us consider firstly a chain of carbon 
atoms terminated by a halogen atom as in allyl chloride 
(cf,Kermack and Robinson loc.cit. ).
H . H H
p : c : 8 : oi:
H ' H
The stable octets formed round the chlorine atom tends 
to produce an unstable system about the adjacent carbon 
atom7and the stable system in the second carbon atom is 
faciliitated by the instability of the first carbon 
atom octet. Thus we can express the compound in 
terms of positive and negative polarity -
o h 2 @  o h 2 @
In the same manner the side chain in the isomeric /#
tolyl ethyl bromides,that is, -0H2CH2Br
H H
: 0 : 0 : Br:
H H
will show a tendency for halogen to complete its octet.
This will produce an instability of the carbon octet
in proximity to it with the subsequent stabilising of 
the second carbon octet.
The halogens are recognised from the stability 
of their ions and other evidences to be elements of 
high electron affinity and thus there is a tendency to 
produce a negative charge on the Br atom.
But/
But as shown above there is a compensating 
movement of electrons through the side chain so that the 
side chain as a whole will act as an influence tending 
to thrust electrons into the benzene nucleus.
Alkyl groups contain no unshared electrons and 
there is a tendency for the repulsion of electrons from 
an alkyl group.
Baker and Ingold (J . 1 9 2 6  2 4 6 3 )  have shown the 
contrast between the high affinity of the halogens and 
the repulsion of electrons by alkyl groups by substitut­
ing OH^ and Br groups in place of the hydrogen atoms in 
the rather strongly meta orientating group - 0H2N02 , 
and examining the increase or decrease in the percentage 
of meta compound obtained on nitration. The compounds 
examined and the results obtained are given as follows:-
^ 0 %  ^Rr
C6H5.C-*N02 06H5.0r*N02 06H5.C^N02
CHj H Br
3 9 $  5 0$ 8 4 $
The stability or instability of the carbon octet 
causes a shift of electrons throughout the whole 
molecule (Robinson and his collaborators 1936; this 
view shared later by Ingold and his collaborators 1926 ) 
For example in the toluene molecule substitution is 
caused by an electron shift represented by
-C/
5 5 .
The ortho and para positions acquire negative charges 
and/
and thus become positions of attack on further sub­
stitution in the benzene molecule. Thus it to be 
expected that differences in electronic disturbances 
are responsible for all differences in reactivity in the 
molecules under discussion.
These may be grouped as follows- 1) disturbances
due to the CH2CH2Br grouping (a) ; s) Disturbances due to
to
the phenyl group (b) ; 3 ) disturbances due/the methyl 
group @  In the present case there is also a damping 
effect of general reactivity (d) in the 0H20H2Br grouping 
as opposed to the 0H2* Br grouping.
This damping effect (d) is measured by the 
difference between the reactivity of benzyl bromide 
and <3phenylethyl bromide f and i3 so great as to prevent 
the differences in reactivity from making themselves 
very pronounced. The figures representing all the 
electron disturbances in ^phenyl ethyl bromide and 
the /3 tolyl ethyl bromides are as follows:-
e^3
The effects in each case are summarised in the following.
(0) is an electronic disturbance due to the 
repulsing electron force set up by the OH^ group which 
tends to increase the differences in reactivity wniie (a), 
an/
an electron disturbance due to the CH2CH2Br group, 
tends to neutralise disturbances due to the OH^ group 
as far as possible. in the ortho and para compounds 
the OH^ group is attached to a benzene carbon atom which 
is the one attacked in substitution and therefore the 
one which most readily acquires a negative charge.
Hence transmission of electrons from the en^ group in 
these positions is prevented and will not take place so 
readily as in the meta position wher.e the CH^ group is 
opposed by a disturbance whose effect is not felt to 
the full at this point. Thus in the meta position 
the group producing an electronic disturbance (c) 
tends to eliminate differences in reactivity and promote 
the normal electronic state at this particular point in 
the molecule.
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The effect of the downward thrust of the CH2CHis Br
grouping must be great,and it/therefore surprising 
that there is no greater difference between the ortho 
and para, and meta isomer ides than the figures indicate 
but the effect is lost on account of the influence (d} 
the general damping effect, which is very pronounced 
in the tolyl ethyl bromide molecule.
The marked difference between the ̂ 3tolyl ethyl 
bromides and the u) brom xylenes is due to a two fold 
reason.a) The weaker downward thrust -0H2Br should be 
less powerfully ortho and para directing than the CH20H2Br 
grouping. ( This is substantiated particularly by Ingold 
and hi3 collaborators J.1926 ). b) The absence ox the
damping/
damping effect (d) which gives freedom to all the influences 
in the molecule.
There is however great difficulty in explain­
ing wky the substitution of a group should increase 
the reactivity of a compound containing a CH2Br group
CHf. 6v.
i.e. | I and diminish the reactivity of one contain 




It has previously been established that induced 
alternate polarity effects can be detected over a 
limited number of single bonds eg. in the^brom xylenes. 
In this investigation it has been proved that if the 
same influences are passed through an extra single bond 
in the /3 tolyl ethyl bromides the differences in the 
reactivity of the isomerides almost entirely disappear.
This is shown by a) the lower reactivity of 
the terminal Br atom towards hydrolysing and reducing 
agents i.e. there is an appreciable loss in general 
effect, and b) there is only a slight residuum of 
alternate polar effect observed.
The steric effect is also present in the 
tolyl ethyl bromides but to a less pronounced extent, 
This is evidenced by the slow rate of hydrolysis of the 
ortho isomer in comparison with the para isomet.
This remarkable loss of reactivity as the 
number of single bonds is increased is explained on the 
basis of modern electronic structure.
A partial confirmation of the results of the 
/3 tolyl ethyl bromide series was obtained by the exam­
ination of p methoxy ̂ 3 phenyl ethyl bromide.
It bis also shown that ̂phenyl ethyl bromide is 
more reactive towards hydrolysing agents than the sub­
stituted derivatives.
SUMMARY.
The Influence of substituent Groups on the 
Course of Etard's Reaction.
60 ,
Chromyl chloride, which was discovered by 
Berzelius, was first used as an oxidising agent in 
organic chemistry by Etard in 1881 whose results were 
published in the Annales de Chimie et de Physique [sth] 
ZZ 218 - 266*
As is well Known cftromyl chloride reacts with 
an aromatic hydrocarbon to give a hygroscopic ambrphous 
intermediate compound,which on l^rdrolysis yields an 
aldehyde* The method is not generally recognised as 
a good one for the preparation of aldehydes but occas­
ionally it has proved useful* The iniluence of the 
groups present in the reactant molecule on the course 
of the reaction and on the yield obtained has not been 
seriously investigated so far. Preliminary observat­
ions showed that the natures and position of tne groups 
have a remarKable effect* at least on the formation 
of the intermediate compound and possibly on tne 
products of hydrolysis.
In a series of oxidations of various nitro 
toluene derivatives to the corresponding aldehydes 
using chrorayi chloride as an oxidising agent carried 
out in these laboratories it was observed tnat in one 
case hydrolysis of the intermediate compound produced 
no aldehyde and an appreciable quantity of the original 
substance. /
substance. The compounds examined were o nitro,toluene, 
2:4 dlnitro toluene and o nitro p methoxy toluene.
They each fielded an intermediate compound with varying 
degrees of ease but on hydrolysis the results were 
as follows:-
Solid from o nitro toluene - an appreciable quantity of 
o nitro toluene and no aldehyde.
Solid' from 2:4 dinitro toluene - no aldehyde.
Solid o nitro p methoxy toluene - a dOji yield of o nitro 
p methoxy benzaldehyde.
Henderson and Campbell ( J. 1890 _57 253 ) have observed 
a peculiartity of this nature on the oxidation of nitro 
benzene with chromyl chloride and their work will be 
referred to later.
The following research was undertaken in order 
to investigate this phenomenon and in general to obtain 
some knowledge of the influence exerted by various 
substituent groups on the course of Etard’s reaction. 
According to Itard (loc.cit) the mechanism of the 
reaction is as follows:-
HO ^  0.1
cr
,0 ^  ' Cl
R CH* + 2Cr02Cl2 R OH
N k  ^  Cl
cr .
HO \ c i
It is seen that he regards the hydrogen of 
the methyl group as being removed from the hydrocarbon
residue/
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residue and appearing linked to tne oxygen attached to 
trie chromium. Hence it may he expected that general 
and perhaps alternate polar influences affecting the 
re activity of these two hydrogen atoms or the carhon 
atom of the Ch^ group would make themselves apparent 
in the rate at which reaction would take place between 
chromyl chloride and the reactant benzenoid derivatives,,
i.e. on the rate of formation of the intermediate 
compound.
affected in two ways - a) heating and b) hydrolysis,i 7
according to tne following equations of ktard.
In the following investigation the influence of three 
substituent groups * the nitro , methoxyl and methyl 
groups are studied. Compounds were prepared in which 
these groups were in certain relative positions to each 
other and also oxidations were attempted on compounds 
in. which either the metnoxyl group or the nitro group 
were absent. ïhe intermediate compounds prepared from 
these substances were.' analysed, iwo of them were 
subjected/
Decomposition of these intermediates may be
OH
d) CM
\ *> R - CM x \
uo
HO
4- 3 M20 -  12 MCI 4- CC<-203 + 2X r  0
+ 3 RCMO.
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suftjedteft to the action of neat and a quantitative 
estimate was made of the hydrogen chloride evolved.
All the intermediate compounds were hydrolysed and the 
products of hydrolysis isolated.
Several general observations were made as 
follows with carbon tetrachloride as solvent. a) 
Compounds containing a nltro group in the molecule 
form an intermediate compound with chromyl chloride 
very slowly; b) compounds containing a second methyl 
group react more quicfcly; c) methoxy compounds react 
very rapidly; and d) compounds containing both a nitro 
group and a methoxyl group are intermediate in 
reactivity.
This is, as will be seen9 paralleled with well 
Known phenomena in other branches of “reactivity 
investigations“. Definite indications of alternating 
effects in reactivity were observed particularly in the 
meta and para tolyl methyl ethers.
The intermediate compounds are very reactive 
towards hydrolysing agents and the action was so rapid 
in all cases that no differences in the rates of 
hydrolysis due to substituted groups could be detected.
The stabilising influence of the nltro group 
and the entirely opposite effect of the methoxyl group 





This preparation involved the ioixowlng
re act ion
XsCrgO^^aCl +• SE^SO* - KgSO^SHaaSO^ 3HgO + SCrOgClg 
Firstly 30 grams or potassium bichromate and 54 grams 
or sodium chloride were powdered together and rused in 
an iron still Tor two hours* This preliminary rusion 
prevented rrothing on the addition or concentrated HSSQ4 
The rused mass was transrerred to a retort and 150 c*c* 
or concentrated H2S04were added* Fumes or chromyl 
chloride and hydrogen chloride were evolved, Chromyl 
chloride was distilled rrom the reaction mixture: and it 
was then redistilled at ll&-H8cc.
The hoiling point or pure chromyl chloride is XIV c*
Q n^tro -p met ho xv toluene.




I  ) One Hundred grams p.cxesoi were dissolved in  one
through the solution Until no further heat of reaction 
was generated» The white solid carbonate was produced 
in quantity in admixture with a yellow oil which has 
the following constitution.
This intermediate compound in the formation of the 
carbonate was separated from it and treated with a 
molecular proportion of sodium cresylate when tne solid
The carbonate was recryst allised fronjalcohol giving 
a yield of 75 grams. The melting point was not taken.
2) The nitration of the carbonate was carried out
according to a method of holieman (Hec.trav.Chim.I9i?.
36 271 ) in which a mixture of concentrated and 100 f
H2S04is used as a nitrating agent. ^  important that 
IGQjb HgS04is employed and a mixture or 1.5 parts of fuming 
H2SQ4 to I part of concentrated was found to be?
the most efficient. The nitrated carbonate was 
hydrolysed/
molecular proportion of 1050 NaOH and phosgene was passed
carbonate was formed
hydrolysed by boiling it with l o f HaQH for one hour 
and the product steam distilled to remove m.nitro cresol 
which is volatile in steam. The residue solidified 
giving a solid which melted at 76° C. The yield was 
30fo of the theoretical.
3) Tne following method of methylating nitro cresol 
was adopted from Haworth and Lapworth ( J. 1923 123 2986) 
& nitro cresol was methylated in xylene solution by 
refluxing for 4 hours with dimethyl sulphate and anhy­
drous potassium carbonate in order to remove the sulphur­
ic acid formed. The product was steam distilled and 
the xylene which distilled first was collected separate­
ly. The distillate was extracted, dried and distilled 
and o nitro p methoxy toluene came over as a yellowish 
liquid at 256°- 260° C.
M Tolvl methyl ether.
Fortnight grams of m cresol were methylated 
by admixture with 9 grams of HaOH. in 85 c.c. of water 
and 25 grams of dimethyl sulphate added. The whole 
was shaken for 15 minutes, 10 grams more NaOE were 
added and the mixture re fluxed for 7 hours. A liquid 
separated partially from the aqueous layer and it was 
extracted, washed with water,dried and fractionally
0
distilled. The m tolyl methyl ether distilled at 173- 
176°c.t correct B.P. s 175-176° C) and the yield was 30 
grams which was i>Q°Jo of the theoretical®
3 methoxy/
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3_ methoxy 4 nitro toluene 
and. 3 methoxv 6 nitro toluene
These compounds were prepared according to 
the following scheme
This method or preparation Is due to Haworth and Lap- 
worth ( J. 1923 X23L 2986) wno used Staedel's method or 
nitrating m.cresol (Ann. 1863 217 49; 1890 259 208).
M cresol in solution in glacial acetic acid was cooled 
to -5° C. and a mixture or fuming HH03 (D 1.5 ) and glacial 
acetic acid cooled to -15° C . was slowly added during It 
hours. The temperature or the reaction mixture was not 
allowed to ri©4 above - 1  C. The reddish "brown mass 
was poured on to excess or ice. A mixture or 3 hydroxy- 
4 nitro toluene and 3 hydroxy 6 nitro toluene crystall­
ised out and the two compounds were separated hy steam 
distillation since the 1,3 6 compound is non volatile 
in steam and the 1,3 4 compound is volatile in steam.
tfrom 35 grams of m.cresol there were obtained 10 
grams/
grains or 1,3*6 compound with a melting point or I2c£
o124 C. and 6 grams or 1,3,4 compound with a melting 
point or 64*C*
The méthylation or the above compounds was carried out 
as in the méthylation or o nitro cresol (Haworth and 
Lapworth loe.cit* ). At the completion or the reaction 
which toofc 18-24 hours the mixture was diluted with 
dilute alkali and steam distilled* As herore the xylene 
was collected separately* The nitro tolyl ether solid- 
iried in the distillate and was recrystallised from  
96fo alcohol*
The melting points or the compounds are as roilows:-
3 methoxy 4 nitro toluene 59°c.( Gibson J, 1923 123 1269
M.p* * 62° 0 )  
(Haworth & Lapworth loc.cit* 
M*p*» 60-61° C. )
3 met hoxy 6 nitro toluene 62 °C ( Gibson-63° C )
w ( Haworth & Lapworth
= 64^66°C. )
Preparation or the intermediate Compounds in the 
Oxidation or aromatic hydrocarbons by chromyl chloride*
The intermediate compound is or a very hygro­
scopic nature and precautions were thererore necessary
partial
in its preparation to prevent/hydrolysis by atmospheric 
moisture*
In the general method given below it will be 
observed that one solvent was used throughout thus 
ensuring that the temperature or the reaction mixture 
aid/
6 8  »
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di^not at any time exceed a maximum i.e. the boiling 
or the solvent ?6°c.
The standardisation or temperature, was 
necessary for two reasons
I ) Btard in his original worlc, as has already been 
stated, observed that at a derinite temperature varying i 
lor each compound, the intermediate compound loses two 
molecules or hydrogen chloride quantitatively according 
to the equation
-2HC1
h ch3 z crOgCig ----- > r CH.scro^ci
He prepared his intermediate compounds over a wide range 
or temperature with and without a solvent and the con­
stitution or the resulting compound was either or the one 
general forjaula or the other according to the conditions 
or the experiment. Hut in the present research the 
conditions were standardised in order that the constitut­
ion of the intermediate compounds would all be or the 
one Torm. A temperature or reaction rar below the 
lowest decomposition temperature recorded by htadtd 
ensured that the possibility or formation or the type 
of compound R Ch.ZQrQ#Cl was remote*
Z ) It was desired to indicate the order or reactivit;
or various compounds by observing the comparative rates 
at which the intermediate compounds were produced and 
this comparison was only possible at an approximately 
constant temperature.
Intermediate/
A l o f solution of each initial substance in 
carbon tetrachloride was stirred mechanically during 
the 8low addition of two molecular proportions of 
ehromyl chloride. All reagents were carefully dried#
The readiness of formation of the intermediate compound 
determined the length of time the mixture was heated on 
the water hath, periods varying from 16 minutes to an 
hour in most cases. The chocolate hrown intermediate 
compound was filtered and washed very carefully with 
carhon tetrachloride in order to,remove any unchanged 
initial compounds. It was then transferred to a 
vacuum dessicator and dried over phosphorus pentoxide. 
These; operations were carried out as quickly as possible.
After the hulk of the carhon tetrachloride 
adhering to the compound had been removed it was trans­
ferred to a flask containing a layer of phosphorus 
pentoxide and the flask heated on a water hath with 
simultaneous evacuation. This operation removed the 
final traces of carhon tetrachloride. Carhon tetra­
chloride was replaced by carhon disulphide as a solvent 
in thewi^/formation of the intermediate compounds hut certain 
of the compounds were slow in forming and the yields 
obtained were poor at the lower temperature (i^e. 61°̂  
the boiling point of Cfig) so carhon tetrachloride was 
retained.




compound from o nitro toluene at least, that on opening 
the flask an odour reselling phosgene was observed.
According to Etard there is a reaction between 
carbon tetrachloride and chromyl chloride although the 
statement is refuted by Moles and Gomez (Anales Soe. 
espan fis quim 1914 J2 142-54) who successfully carried 
out ebullioscopic studies of chromyl chloride in 
carbon tetrachloride solution.
In order to determine if the odour was due to
phosgene as a product of the interaction of carbon
tetrachloride and chromyl chloride the gases from the
evacuation of the flask were drawn through a sodium
phenolate solution which would indicate the presence of
phosgene by the formation of white solid phenol carbon-
solutionate. This test gave negative results. A silver nitrate/ 
was substituted but only a slight tuibldity was detected 
during two hours.
If any reaction did take place between chromyl 
chloride and the solvent, carbon tetrachloride9under 
the conditions of the experiment, the resulting compound 
were not isolated or identified. It was also proved 
from the above test witn silver nitrate solution that 
carbon tetrachloride was almost completely removed from 
the intermediate compound.
It was possible by observation of the rate of 
formation of the intermediate compounds and the yields 
obtained to give an indication of the order of reactivity 
of/
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of the Initial compounds. The order is from the most 
reactive p tolyl methylether to the least reactive 
2 :4 dinitro toluene.
p tolyl methyl ether 
anisoie
m tolyl methyl ether
)
p xylene
o nitro p methoxy toluene
a nitro toluene 
m nitro toluene 
3 methoxy 4 nitro toluene



























An account of any abnormality in the preparat­
ion of the intermediate compounds of these substances 
is now give#.
Intermediate compound of v tolyl methvl ether.
It was formed with explosive violence below 
0° C. The addition of each drop of chromyl chloride to 
the well cooled solution caused a vigorous local action 
with the immediate formation of a dark brown solid 
which on drying turned purple in colour.
Intermediate/
Intermediate Compound or Anisoie.
There were two deviations from the general 
character of the reaction innthis case,
1 ) The colour of the reaction mixture on the 
addition of chromyl chloride turned green.
2) There was an appreciable heat of reaction,
intermediate Compound, ox 2:4 dinltro toluene.
It was only formed in very slight quantity





Chromium and chlorine were estimated in each intermed­
iate compound.
The very hygroscopic nature of these compounds 
necessitated precautions being taken particularly in 
weighing quantities for analysis. The compounds were 
kept in vacuum dessicators over phosphorus pentoxide 
in a partial vacuum, a weighing bottle with an accurate­
ly fitting stopper was used and the whole operation 
was carried out as quickly as possible concomitant fith 
accuracy.
Estimation of Chlorine.
Chlorine was estimated by the method of Carius
i.e. a weighed quantity of the compound was heated to 
about 200° C in a sealed tube with silver nitrate and 
concentrated HNO3 and the resulting silver chloride’ 
filtered, dried and weighed in the usual manner.
Estimation of Chromium.
There is no reference in Etard's original 
work to,the actual method of procedure adopted in his 
estimation of chromium.
Two methods were evolved.
About 0.5 gram of the intermediate compound to be 
analysed was weighed out and transferred to a flask with 
about 200 c.c. of water and hydrolysed by heating it to
60 ° j
60 for an hour. The cnromium was now present in 
solution in the chromate and chromic state* The solut­
ion was filtered and extracted with etner to remove 
the organic products of hydrolysis. The aqueous layer 
was accurately separated off and tne etner in solution 
was removed Dy evaporation. The solution was then made 
up to a Known volume (usually 250 c.c ) in a standard 
flasK.
gravimetric method. The chromium was weighed as 
Cr2°3* The chromium in a Known volume of the ahove 
standard solution was reduced to the chromic state Dy 
the addition of 10 c.c. of freshly prepared sulphurous 
acid, the solution Deing Dolled for one minute.
Ammonium sulphide had previously Deen prepared
.in the usual way Dy saturating a Known volume of KE^QH 
( p. 880 ) with HgS and adding to it an equal volume of 
the ammonia* This freshly prepared ammonium sulphide 
solution was added drop Dy drop to the Polling solution. 
Chromic hydroxide was precipitated,coagulated and 
filtered,and incinerated strongly for 30 minutes. The 
chromium was then weighed as chromic oxide Cr205.
An attempted estimation of the chlorine in the 
compound.* which was contained in the filtrate Dy adding 
a Known volume of standard silver nitrate to precipitate 
silver chloride, failed. A slight quantity of organic 





partially reduced the silver chloride to metallic 
silver* No further work was done on this method of 
estimating chlorine as it was obviously inaccurate.
Volumetric met hod.
The chromium was estimated volumetrically by 
converting it to dichromate by oxidation with potass­
ium permanganate. The dichromate liberated iodine from 
potassium iodide according to the equation 
Kg Cr2 0y+6KI +14 HCl = ÖKC1 + 2Cr Clg+61 + 7HgO 
The iodine liberated was titrated with sodium thio- 
sulphate in the usual way.
As the method was original it was tested in 
the following manner
20 c.c. of N/IQ AgCrgO^were reduced with SOg 
in the cold and thà^roduet evaporated to dryness on the 
water bath. It was then diluted and boiled with 25 cc. 
dilute H2S04 and 25 c.c. N/lO KMnO^slowly added to the 
boiling solution.
The solution was boiled for three minutes and 
heated on the steam bath for one hour to cause coagu­
lation of the manganese dioatidäfc formed. The precipi­
tate was filtered and washed with water and a solution 
of two grams of potassium iodide in 10 c.c. of water 
wasuadded to the filtrate and the liberated iodine was 
titrated with .0991 N Na^Sg03. The titration was 
20.17 c.c.
The iodine liberated by 20 c.c. of the original 
solution/
7 7,
solution of KgCr^Q7 was directly titrated with NagS203 
and the titration was 20.34 c.c.
The error in this method was therefore not of 
any great magnitude.
The ahove method was used without any modificat­
ion in analysing the original chromium solution of the 
hydrolysed intermediate compound.
A summary of the results obtained for chlorine 
and chromium is given below.
No accurate results were obtainable for 2:4
dinitro toluene probably owing to the long period of.
heating necessary to form the intermediate compound 
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It may toe stated here that none or the intermediate 
compounds examined have analysis figures which agree 
with those of a compound of the general formula 
B CH. SCrOgCl.
Decomposition*
As already stated Etard otoserved that the 
substances he examined with the general formula 
B C %  SCrO^Clg on heating atoove a specified temperature 
evolved two molecules of hydrogen chloride quantitatively 
giving a compound of the nature R CH. 2Cr0gGl.
Experiments were performed to see if a quantit­
ative examination of the reaction could toe obtained
R CH3 SCrOgClg —> R CH. 2CrÔ ,Cl + 2HC1 
The following apparatus was designed:-
P & w   M  \ /
0 nitro toluene and o nitro p methoxy toluene 
intermediate compounds were examined* A small quantity 
(0*2 - 0*3 gram) of the intermediate compound was 
weighed in the flask and 20 c.c* of N/IO AgH03 were 
placed in each absorption bulb A and B. Bulb C acted
as I
80
as a trap to catch any organic matter carried up the 
tube* A slow current of dry air was aspirated through 
the apparatus and the flask was heated on an oil hath* 
The temperature at which a precipitate was first ob­
served in the absorption bulbs was noted as being the 
decomposition temperature of the intermediate compound* 
The flask was kept at a temperature 20° higher than the 
decomposition temperature for one hour.
The contents of the absorption bulbs were 
washed into a basin and the excess AgHOg back titrated 
with potassium thiocyanate using ferric indicator.
Results
Decomposition temperature of the intermediate 
Compounds of o nltro toluene * <¿95 °C.
o nitro p methoxy toluene =142° C.
The theoretical percentage of HC1 was based on the 
fo rmula R CH^SCrOgClg.
0 nltro toluene jo of ECi obtained = ! 5 *Qjo 
ROgCgE^E^.SCrO^Clg requires 16.
0 nitro p methoxy toluene f  of EC1 obtained =
K02C6h40eE3CH32Cr©£Cl2 requires 15* Z jo
8 1 « ,
Three m ethods o f  h y d r o ly s is  w ere t r i e d .
I ) The in te r m e d ia te  compound was h e a te d  to  50-60° c. 
f o r  one hou r w ith  10 tim e s  i t s  w eig h t o f  w a te r .
The p rod u ct o f  c e r t a in  o f  the h y d r o ly s e s  w ere  
a c id s  and n ot a ld eh y d es  as a n t ic ip a t e d . I t  was 
th ou gh t th a t  in  th e s e  c a s e s  chrom ic a c id  as a  p ro d u ct  
o f  th e  h y d r o ly s e s  was o x id is i n g  any a ld eh yd e fo rm ed , 
to  a c id .
So a  m o d if ic a t io n  was in tr o d u c e d .
2 )  The in te r m e d ia te  compound in  10 tim e s  i t s  w eigh t  
o f  w ater was s t i r r e d  i n  a  f l a s k  c a r r y in g  a  m ercury  
s e a le d  s t i r r e r .  A slo w  c u rre n t o f  SQg was p a sse d  in  
and th e  m ix tu re  h e a te d  s im u lta n e o u s ly  to  60° C. The 
w hole o p e r a t io n  to o k  3 0  m in u te s . T h is m o d if ic a t io n  
was in tr o d u c e d  so th a t  chrom ic a c id  i n  an atm osphere  
o f  SOg w ould  n o t o x id is e  a ro m a tic  a ld eh y d es to  a c id s .
3 )  F i n a l l y  th e  in te r m e d ia te  compound in  aqueous 
s o lu t i o n  was s t i r r e d  a t  room tem p eratu re  f o r  one h o u r.
The in te r m e d ia te  compound from  o n it r o  to lu e n e  was 
h y d r o ly s e d  b y  each method and the p ro d u c ts  o f  h y d r o ly s i  
w ere th e  same i n  each  c a s e .
The m ethod f i n a l l y  adopted  was the secon d  o n e .
There i s  g iv e n  b elow  a t a b u la t io n  o f  th e p ro d u c ts  
o f  th e  h y d r o ly s is  o f  each  compound and an accou n t o f  
th e  m ethods o f  i s o l a t i n g  and d e t e c t in g  th e  p r o d u c ts ,  
o n i t r o /
HYDKQLYSIS.
o n i t r o  to lu e n e  -  s o y i e l d  o f  0 n i t r o  b e n z o ic  a c i d ;
an  a p p r e c ia b le  q u a n t ity  o f  0 n i t r o  
t o lu e n e ; and a t r a c e  o f  an a ldeh yde
m n i t r o  to lu e n e m n i t r o  b e n z o ic  a c id
0 n i t r o  p m ethoxy -  m a in ly  0 n i t r o  p m ethoxy b e n z o ic  
to lu e n e
a c i d ;  a s l i g h t  q u a n t ity  o f  0 n i t r o  
p m ethoxy b e n z a ld e h y d e .
3 m ethoxy 4  n i t r o  -  m a in ly  3 m ethoxy 4  n i t r o  b e n z o ic  
to lu e n e
ac i d ;  3 m ethoxy 4  n i t r o  to lu e n e
and a t r a c e  o f  an a ld e h y d e .
p t o l y l  m eth y l  
e th e r
m t o l y l  m eth y l  
e th e r
p x y le n e
a n i s o l e
CL a l t r o  to m a n e .
-  a n isa ld eh y d e
-  t r a c e  o f  an ald eh yd e
-  t r a c e  o f  an a ldeh yde
-  1 :4  q u i none
The h y d r o ly s e d  s o lu t i o n  was e x t r a c t e d  w ith  
e t h e r  and th e e t h e r e a l  la y e r  e x tr a c te d  w ith  a l k a l i «
The e t h e r e a l  la y e r  on  rem oval o f  e th e r  gave a y e llo w  
s e m i - s o l i d .  A t r a c e  o f  a p n i t r o  p h en y l hydrazone was 
form ed b u t no ald eh yd e c o u ld  b e i s o la t e d  w ith  sodium  
b i s u lp h i t e  s o l u t i o n .  A t r a c e  o f  a  compound c o n ta in in g  
h y d r o ly s a b le /
h y d r o ly s a b le  c h lo r in e  was a ls o  d e t e c t e d .
The m ain p ro d u c t o f  th e  e t h e r e a l  la y e r  was 
o n i t r o  to lu e n e  w ith  a b o i l i n g  p o in t  o f  2 I 7 °C  ( c o r r e c t  
B ,p ,  222 c). The a lk a l in e  e x t r a c t  on  a c i d i f i c a t i o n  
gave o n i t r o  b e n z o ic  a c id  w hich on r e  c r y s t a l l i s a t i o n  
from  60  - 8 0  p e t r o l  e th e r  gave a m e lt in g  p o in t  o f  141° C.
( c o r r e c t  m .p , a 147° c ). 
m n i t r o  to lu e n e
The p ro d u c ts  o f  h y d r o ly s is  were e x tr a c te d  in  
th e  same m anner. .
The e t h e r e a l  layer* gave no tr a c e  o f  a ld eh yd e  
b u t  a red  o i l  in  i n s u f f i c i e n t  q u a n t ity  to  i n v e s t i g a t e .
I t  was p o s s i b ly  unchanged m n it r o  to lu e n e .
The a lk a l in e  e x t r a c t  on  a c i d i f i c a t i o n  gave a  
y e llo w  s o l i d  w ith  a  m e lt in g  p o in t  o f  1 3 7 ° C. ( c o r r e c t  
M ,p , o f  m n i t r o  b e n z o ic  a c id  = I4 0 °C . ). 
o n i t r o  i? m ethoxy t o lu e n e .
The e t h e r e a l  e x t r a c t  y ie ld e d  a y e l lo w  s o l i d  
w h ich  gave a p n i t r o  p h e iy l  hydrazone w ith  a  m e lt in g  
p o in t  o f  2 4 6 ° C, On d i s s o lv i n g  th e s o l i d  i n  e t h e r  and 
e x t r a c t i n g  w ith  a l k a l i  and a c i d i f y i n g  , a s o l i d  was 
o b ta in e d  w hich m e lte d  at 197  C, (m ,p . o f  o n i t r o  p 
m ethoxy b e n z o ic  a c id  - 1 9 5 ° -  196  ( Sim onsen and Ran J.
1 917 £ I £  2 2 6  )}
A s m a ll q u a n t i t y  o f  o n i t r o  p m etnoxy b e n z a ld e -  
hyde was i s o l a t e d  w hich m elted  a t 96° c and on a n a ly s is  
i t  c o n ta in e d  7 . 94fo Rg
83.
C8/
3 m ethoxy 4  n it r o  to lu e n e .
The e t h e r e a l  e x t r a c t  gave a  y e l lo w  c r y s t a l l i n e  
s o l i d  w hich was d is s o lv e d  in  e t h e r  and e x t r a c t e d  w ith  
a l k a l i .  The a lk a l in e  e x t r a c t  on  a c id i f y in g  y ie ld e d  a  
y e llo w  s o l i d  w hich on r e c r y s t a l l i s a t i o n  from  benzene  
m e lte d  a t  2 i o ° -  2 12 ° C.
(M .P . o f  z m ethoxy 4  n i t r o  b e n z o ic  a c id  s 2 0 8 ° c .
R ieeh e B e x . , 1 8 8 9  22  2363  )
The e th e r e a l ; la y e r  gave a y e llo w  s o l i d  w hich  
o n  r e c r y s t a l l i s a t i o n  from  w ater m e lte d  a t  5 3 ° -  5 4  C.
(M .P . o f  3 m ethoxy 4  n i t r o  to lu e n e  -  60* -  61* C. ).
A t r a c e  o f  an aldehyde was o b s e r v e d .
P t o l y l  m eth y l e t h e r .
The e t h e r e a l  e x t r a c t  gave a red  o i l  h avin g  a  
s tr o n g  od ou r o f  a n isa ld e h y d e  from  w hich a  p. n i t r o  
p h e n y l hydrazon e was p re p a r e d . T h is d e r iv a t iv e  p r e se n t­
ed some d i f f i c u l t y  o n  r e c r y s t a l l i s a t i o n  and i n  consequen ce1 
th e  m e lt in g  p o in t  o f  2 0 8 ° c was n ot in  good agreem ent 
w ith  a n isa ld e h y d e  p n i t r o  p h en y l hydrazone (M .p .=  2 2 0 °C )  
m t o l y l  m eth v l e th e r
A red  o i l  was o b ta in e d  from  th e  e t h e r e a l  
e x t r a c t  w hich  gave  a t r a c e  o f  a p n i t r o  p h en y l hydrazone) 
b u t n o th in g  f u r t h e r  c o u ld  be dete:rrained. T h is a ls o  was 
th e  r e s u l t  o f  an in v e s t i g a t i o n  o f  p xylene.
A n ls o la .
The r e s u l t s  o f  th e  h y d r o ly s is  proved  to  be
v e r y /
8 4 .
C e E 7 N 0 4  r e q u i r e s  7 ,  ? 4 $ >  E g .
very interesting. The ether extract yielded a red 
liquid which so lid if led to a dark coloured solid v/ith 
a quinone odour. On the upper portion of the flask 
yellow crystals had sublimed.
The solid was steam distilled and the distill­
ate gave a yellow crystalline solid with a melting 
point of 109° C. (M.P. of 1.4 quinone = 116°0.) The 
residue from steam distillation was again steam distill­
ed with a little ferric chloride when a further quantity 
of a yellow solid ¥/as produced.
To prove its constitution it was suspended in 
water and so2 passed through. The colourless solution 
produced9yielded, oi^sxtraction with ether, a white 
solid which on recryatallisation from benzene gave a 
melting point of 171°0 (M.P. of 1*4 hydroquinone = 169°0 )  
The following test substantiated the proof of its constit 
ution. An aqueous solution with neutral ferric chloride 
solution gave a transient green colouration, and with 
ammonium hydroxide gave a reddish brown colouration.
It was therefore 1*4 hydroquinone and the original 
product of hydrolysis was 1*4 quinone.
8 5  .
DISCUSSIOH.
General Remarks.
The r e s u l t s  o f  a n a ly s is  snow th a t  in  most c a s e s  
th e  chromium and c h lo r in e  p e r c e n ta g e s  are h ig h e r  tnan  
th a t  demanded toy th e o r y , s e v e r a l  i n v e s t ig a t o r s  have  
o b se rv e d  t h i s  and i t  i s  a t t r ib u t e d  to  the d i f f i c u l t y  o f  
f r e e i n g  th e  amorphous in te r m e d ia te  compound e n t i r e l y  
fro m  t r a c e s  o f  chromium compounds p r e c ip i t a t e d  w ith  i t .  
I t  w i l l  toe o b se rv e d  however tn a t  o. n it r o  toxu en e and 
to  a  l e s s e r  e x te n t  m. n i t r o  to lu e n e  are compounds 
w hich  agree  w e l l  w ith  tne r e s u l t s  a n t ic ip a t e d . I t  
h a s been p roved  c o n c lu s iv e ly  toy th e  ready fo r m a tio n  
o f  an amorphous in te r m e d ia te  compound w ith  a n is o le  
and CrOgCi^ th a t  a compound c o n ta in in g  a m eth o x y l  
group i s  a tta c k e d  toy chrom yl c h l o r i d e . i t  i s  thus  
p o s s ib le  th a t  se c o n d a ry  r e a c t io n s  are ta k in g  p la c e  
i n  compounds c o n ta in in g  a m eth oxyl group o r  a  second  
m e th y l group w hich a ls o  a cco u n ts f o r  the h ig h  
a n a ly s is  f ig u r e s  o b ta in e d .
An e x a m in a tio n  o f  the com p arative  r a t e s  o f  
fo r m a tio n  o f  th e  in te r m e d ia te  compounds le d  to  some 
i n t e r e s t i n g  o b s e r v a t io n s .
The p re se n c e  o f  a n i t r o  group has a rem arkable  
r e t a r d in g  e f f e c t  on tn e  r a te  o f  fo r m a tio n , iffor example 
p t o l y l /
p tolyl ethyl ether 13 the most reactive of the 
compounds examined hut the introduction of a nitro group 
i.e. o nitro p methoxy toluene, slows down the rate of 
formation considerably. The compounds containing nitro 
groups all produce intermediate compounds comparatively 
slowly. Two nitro groups in the molecule as in 
3:4 dinitro toluene almost preclude the formation of 
the intermediate compound.
Comparison of rates of formation of para and 
meta tolyl methyl ethers indicates that a methoxyl 
group in the para position to the methyl group has a 
much greater accelerating effect on the rate of form- 
ation than, a methoxyl group in the meta position, an 
observation confirmed in a comparison of the rate of 
formation of intermediate compounds of
, Q
both of which are retarded in reactivity by a nitro 
group in the 6 position to the methyl group.
The decomposition temperatures of the inter- 
mediate compounds of o nitro toluene and o nitro p 
methoxy toluene also served to indicate the stabilising 
effect of a niiro group in the molecule and how this 
effect is destroyed by the introduction of a methoxyl 
group.
Of the eight compounds examined two aldehydes 




two c a s e s  th e  i n i t i a l  su b sta n c e  was o b ta in e d  i n  q u a n t i t y .
Henderson and Campbell {J. 1890 £7 253) obser^- 
ved in the oxidation or nitro benzene by CrQgCJLgin CHC13 
solution that nitrobenzene was produced from a brown 
amorphous intermediate compound which corresponded in 
composition with a formula CgH^lHOgX CrO^Cl )g. They 
suggested that nitroquinone was formed on treating the 
solid with water which at once decomposed with the 
regeneration of nitrobenzane* This nitroquinone was 
not isolated*
In  th e  p r e s e n t  i n v e s t i g a t i o n  th e  in te r m e d ia te  
compounds o f  o n i t r o  to lu e n e  and 3 m ethoxy 4  n i t r o  
t o l u e n e , w hich are th e compounds from  w hich i n i t i a l  
s u b s ta n c e s  were i s o l a t e d ,  b o th  corresp on d  to  th e  
g e n e r a l  fo rm u la  R ca^SC rO ^C l^. O th er p ro d u c ts  o f  
o x id a t io n  were i s o l a t e d  w hich p ro v e s th a t  a r e a c t io n  h as  
ta& en  p la c e  and th a t  i t  i s  n ot m e re ly  a  lo o s e  a d d it io n  
com pound, w hich h as b een  form ed w hich c o m p le te ly  de­
com poses a g a in  in to  th e  h yd rocarb on  and in o r g a n ic  
chromium compounds* A lso  th e  q u a n t i t ie s  o f  i n i t i a l  
compounds i s o l a t e d  s u b s t a n t ia t e  th e  e x p la n a t io n  that, 
th e  n i t r o  t o l u e n e s , as has a lr e a d y  b een  o b s e r v e d , do n ot  
r e a d i l y  and c o m p le te ly  r e a c t  w ith  CrOBC lg in  CC14 s o l ­
u t i o n  and th e  r e s id u a l  n it r o  to lu e n e  i s  r e ta in e d  b y  th e  
amorphous in te r m e d ia te  compound even  a f t e r  c a r e f u l  wash­
in g  and ap p ears a lo n g  w ith  tn e  p ro d u c ts  o f  h y d r o ly s is .
T h e/
The fo r m a tio n  o f  a c ia s  i n s t e  ah o f  a id en y d es on  H yd roly ­
s i s  i s  d i f f i c u l t  to  e x p la in  s a t i s f a c t o r i l y  ** .  The
h y d r o ly s is  was perform ed  i n  an atm osphere o f  SOg and 
sp on tan eou s o x id a t io n  o f  th e  a ldehyde to  th e  c o r r e s ­
p on d in g a c id  a f t e r  s e p a r a t io n  i s  u n l i k e ly  s in c e  in  one 
c a s e  i . e .  o n i t r o  p m ethoxy t o lu e n e , b o th  aldehyde and 
th e  c o rre sp o n d in g  a c id  were o b ta in e d  t o g e t h e r . I t  i s  
p o s s i b l e  th a t  h y d r o ly s is  and o x id a t io n  are so r a p id  
th a t  th e y  ta k e  p la c e  i n  th e  aqueous s o lu t io n  ev en  in  
p re se n c e  o f  SQg.
Q,uinone m ust r e s u l t  from  a n is ó le  a f t e r  dem eth yl- 
a t io n  and o x id a t io n  o f  th e  p a ra  ca rb o n  atom .
■X- yon R ic h te r  (R e r . 19 XO&G ) h as p rep a red  p. 
n it r o  b e n z o ic  a c id  b y  th e  o x id a t io n  o f  n i t r o  to lu e n e  
b y  chrom yl c h lo r id e  at 160° and H enderson and Cam pbell 




^  (E ta rd  n as p o s tu la te d  a l in k a g e  o r  th e  n a tu re
,c^
^  O '»Cl
^ no Ĉv̂ <m in tne intermediate compound nut
H0/ ^CV
no t i lin g  i s  known d e f i n i t e l y  o f  tn e  s tr u c tu r e  o f  tn e  
compound. I t  d oes n o t m a tte r  m a t e r ia l ly  now tn e  
cnromium i s  l in k e d  u p . The m ain f a c t  i s  tn a t  o x id a t io n  
ta k e s  p la c e  a t  tne moment o f  fo r m a tio n  o f  tn e  interm ed­
i a t e  compound i . e .  oxygen  i s  d i r e c t l y  u n ite d  to  tne  
carbon  atom  o f  th e  m etn y l g ro u p . m e  c a p a c ity  f o r  
o x id a t io n  depends on  the p o s i t i v e  n a tu re  o f  tne carbon  
atom . I f  i t  i s  v e r y  p o s i t i v e  in  c h a r a c te r  i t  r e a d ily  
ta k e s  up tn e  n e g a t iv e  o x i d i s e r  ( CrO^Cl# ). I t  h as been  
shown th a t  a  m etn oxyl group i n  th e  m o le c u le  a c t iv a t e s  
i t  a p p r e c ia b ly , and t h a t  a  p a ra  s u b s t i t u t e d  m etn oxyl 
group in d u c e s  a much g r e a t e r  “p o s i t i v i t y "  on  th e  carb on  
o f  the s id e  ch a in  th an  does a m eta s u b s t i t u t e d  m etn oxyl 
group as i s  se e n  h e r e . -
n
Tne p o s i t i v e l y  induced carbon  atom  o f  th e  
m etn y l grou p  in  th e  p a ra  compound w i l l  u n ite  v e iy  
r e a d i l y  w ith  a n e g a tiv e  oxygen  atom o f  the cnrom yl 
c h lo r id e  i . e .  th e p a ra  compound w i l l  o x id is e  more 
r e a d i l y /
r e a d i ly  th a n  th e  met a compound.
The r a t e  o f  fo r m a tio n  o f  in te r m e d ia te  compounds 
i s  c o m p le te ly  p a r a l l e l e d  by  th e  in v e s t ig a t io n s  o f  S h o e - 
sm ith  and h i s  c o l la b o r a t o r s  on the r e a c t i v i t y  o f  v a r io u s  
s u b s t i t u t e d  b e n z y l b ro m id es .
C o n fin in g  a t t e n t io n  to  th e  in v e s t i g a t i o n s  on  
th e  I n f lu e n c e  o f  th e  m eth oxyl and n l t r o  grou p s on th e  
r e a c t i v i t y  o f  th e  h a lo g e n  atoms i t  h as b een  found th a t  
a m etU roxyl group in  th e  p a ra  p o s i t i o n  to  a -CHgBr 
group re n d e rs  i t  v e r y  r e a d i ly  h y d r o ly se d  and v e r y  
d i f f i c u l t  t©  redu ce i w h i ls t  a  m eth oxyl group i n  th e  
a p o s i t i o n  h as th e  r e v e r s e  e f f e c t ,  irow i f  th e  
o x id a t io n  i s  th e  o p p o s ite  o f  r e d u c t io n , ( as i s  v e r y  
p ro b a b le  th rou gh  n o t e s t a b l i s h e d  w ith  c e r t a i n t y )  th en  
an o b v io u s  p a r a l l e l  can  b e  drawn i n  the two s c r i e s .
P m ethoxy b e n z y l  brom ide i s  h y d r o ly s e d  w ith  
e x tr a o r d in a r y  r a p i d i t y  and p m athoxy to lu e n e  form s i t s  
in te r m e d ia te  compound w ith  CrGgClg w ith  e x p lo s iv e  
v io le n c e  even  i n  ca rb o n  t e t r a c h lo r id e  s o l u t i o n s .  M eta  
m ethoxy b e n z y l  brom ide i s  v e r y  much more s t a b le  to  
aqueous a lc o h o l  « and met a m ethoxy to lu e n e  fxom s i t s  
in t e r m e s la t e  compound l e s s  r e a d i l y . .  P m ethoxy m n it r o  
b e n z y l  brom ide i s  v e r y  much more s t a b l e  to  h y d r o ly s in g  
a g e n ts  w h i ls t  $  n i t r o  b e n z y l brom ide i s  v e r y  s t a b l e ,  a  
phenomenon p a r a l le le d  b y  the sm ooth fo r m a tio n  o f  the  
in t o  m e d ia t e  compound from  o n lt r o  p m ethoxy to lu e n e  
and o n i t r o  to lu e n e  i t s e l f .
The I
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The marked g e n e r a l  in h i b i t i n g  in f lu e n c e  o f  
th e  n i t r o  group and Vn^e p o w e rfu l a l t e r n a t in g  in f lu e n c e  
o f  the m eth oxyl group have th u s p roved  to  be th e  im port­
an t f a c t o r s  in  th e fo r m a tio n  o f  th e  in te r m e d ia te  
compounds.
SUMMARY.
The e f f e c t  o f  th e  in tr o d u c t io n  o f  a  m eth oxyl 
group and a n i t r o  grou p  on  v a r io u s  s u b s t i t u t e d  to lu e n e  
d e r i v a t i v e s  h a s b e e n  d e s c r ib e d . The s tr o n g  in h i b i t i n g  
and s t a b i l i s i n g  i n f l u e n c e ,  o f  th e  n it r o  grou p  and the  
a c t i v a t i n g  in f lu e n c e  o f  a m eth oxyl gi&mp o n  th e  r a te  
o f  fo r m a tio n  o f  th e  in te r m e d ia te  compound and on th e  
p ro d u c ts  o f  h y d r o ly s is  have b een  d em on strated  and b een  
e x p la in e d  o n  th e  b a s i s  o f  a g e n e r a l and a l t e r n a t e  p o la r  
e f f e c t  o n  th e  carb o n  atom  o f  th e  r e a c ta n t  m eth y l gro u p .
The phenomenon o f  th e  r e c o v e r y  o f  i n i t i a l  
s u b s ta n c e s  fro m  o x id a t io n s  b y  chrom yl c h lo r id e  has b een  
e x p la in e d  b y  r e fe r e n c e  to  th e  s tr o n g  i n h i b i t i n g  a c t io n  
o f  th e n i t r o  g ro u p , w h ich  p re v e n ts  a com p lete  r e a c t io n  
ta k in g  p la c e  b etw een  th e  i n i t i a l  su b sta n c e  and chrom yl 
c h lo r id e *
I t  has b een  shown th a t  chrom yl c h lo r id e  form s  
an in te r m e d ia te  compound w ith  a n i so l e  w hich h y d r o ly s e s  
t o  g iv e  1 . 4  q u in o n e .
